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ELECTROENCEPHALOGRAPHIC FOCI ASSOCIATED 
WITH EPILEPSY 


ERNA L. GIBBS 


H. HOUSTON MERRITT, M.D. 


AND 
FREDERIC A. GIBBS, M.D. 
BOSTON 


One of the chiet clinical assets of electroencephalography is its power to localize 
gross cortical lesions. The early work of Berger’ and of Foerster and Alten- 
burger ° called attention to the possibilities of the method, but the practical value of- 
electroencephalography for the localization of gross lesions prior to operation was. 
first clearly demonstrated by Walter.* The closely related problem of localization: 
of a discharging lesion or seizure focus was the subject of early reports by Jasper * 
and by Gibbs, Lennox and Gibbs® and of later reports by Jasper and Hawke ° 
and by Casamajor and his co-workers.’ Reviews of the literature on electro- 
encephalographic localization and lengthy bibliographies have been published 
elsewhere.” 

As a result of their studies, Jasper and his associates * concluded that the 


most important characteristics of a seizure discharge are the degree and direction 


This work was aided by a grant from the Rockefeller Foundation. 

From the Department of Neurology, Harvard Medical School, and the Neurological 
Unit, Boston City Hospital. 
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of spread. Jasper proposed that seizure discharges be classified into the follow- 
ing three categories : localized, bilaterally synchronous and diffuse. We agree that 
for certain purposes such classification has advantages. There are important 
correlations between spread, wave form, etiologic factors and clinical symptoms, 
The problem of diagnosis and treatment of epilepsy often centers on the question 
of whether or not localizing signs are present. Electroencephalographic evidence 
of a focus of abnormal activity is an important localizing sign. As will be shown, 
however, certain types of waves are more significant than others. In a complete 
electroencephalographic classification *° it seems wise to consider not only the degree 
and type of spread but also the frequency and wave form. 


MATERIAL 


In 174 cases (15 per cent) of a total series of 1,161 cases of epilepsy studied at the Boston 
City Hospital between 1938 and 1942, either localizing symptoms or signs were observed on 
neurologic examination or an electroencephalographic focus was found. It is with these 174 
cases that the present report is chiefiy concerned. The presumed “cause” of seizures in these 


TaBLE 1—Incidence of Focal Clinical Signs or Symptoms Among Cases With and Without 
lec troencephalographic Foct 
Cases with Focal Seizures or 
Localizing Clinical Signs + 
Number of 


Type of Electroencephalographic Focal Disorder * Cases Number Percentage 
14 to 2 per sec. (SIOW 3)... : 46 35 76 
18 to 22 per sec. (fast 11 7 64 
Petit mal variant.............. Reaineait 19 10 53 
3 to 6 per sec. (SIOW 22 10 45 
Total number with electroencephalographic focus..... 160 H2 58 
Total number without electroencephalographic focus.. 1,001 14 l 

Total number of cases of epilepsy........... aor 1,161 106 9 


* The meaning of the terms used in parentheses in this table, and in table 2, is explained in the legend 
to figure 10. 

+ In every case with an electroencephalographie focus and clinical localizing signs or symptoms, the 
site of the electroencephalographic focus was in agreement with the clinical localization. 


cases was as follows: trauma, in 69 cases; infection, in 20 cases; vascular disease, in 14 cases: 


birth injury, in 12 cases, and developmental defects, in 4 cases. In 55 cases there 
was no evident cause for the seizures. Cases of brain tumor were not included because it 
was believed that such cases can be considered more profitably as a separate group. Special 
attention is given in the present report to the 160 cases in which electroencephalographic 
foci were present, and these cases are compared with the 14 cases in which clinical localizing 
signs or symptoms existed but no electroencephalographic focus was noted. 


METHOD 


The electrical activity of the left and right frontal, parietal and occipital cortex was 
recorded with a Grass six channel electroencephalograph. In some cases the activity of the 
temporal cortex was recorded also. All records were made with monopolar leads, the 
indifferent electrode being formed by interconnecting the two ear lobes. Monopolar leads 
were used because such leads, with six channel recording, gave the most comprehensive and 
easily interpreted record of both normal and abnormal activity. After long trial with both 
monopolar and bipolar leads, we found that with six channel recording it is possible to 
localize abnormalities and differences in activity between homologous areas at least as accu- 
rately with monopolar as with bipolar leads. In our experience, monopolar localization 

10. Gibbs, E. L.; Gibbs, F. A., and Lennox, W. G.: Electroencephalographic Classifica- 
tion of Epileptics and Controls, Arch. Neurol. & Psychiat., to be published. 
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(with a six channel instrument) was simpler and slightly more reliable than bipolar localiza- 
tion. Cortical disorder was considered focal only when it was consistently localizable to a 
given area. The general procedure and the type of electrode employed have been described 
elsewhere.S* Patients were studied during their interseizure periods. Cortical activity was 
recorded for fifteen minutes; two minutes was allowed for overventilation and three minutes 


for recovery. 
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Fig. 1—Focus of irregular 1% to 2 per second activity in the left occipital and parietal 
areas Of a man aged 54. One year ago there occurred transient right hemiplegia and 
aphasia due to cerebral thrombosis, probably on the basis of cerebral arteriosclerosis. Gen- 
eralized convulsive seizures began nine months ago. No localizing neurologic signs were 
present at the time the record was taken. 

In this, and in figures 2 to 10, letters at the left indicate the left and right frontal, parietal 
and occipital leads. In the lower right corner are shown the deflection produced by 50 


microvolts and a time calibration of one second. 
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Fig. 2—Focus of spike activity in the left parietal area of a girl aged 11. Birth was 
by forceps delivery, with considerable facial disfigurement. Convulsions involving the right 
side had occurred for the past two years. No focal neurologic signs were noted. 


RESULTS 
The 174 cases with either localizing symptoms or signs on neurologic exami- 
nation or an electroencephalographic focus fell into the following group: 14 cases 
with clinical localizing signs but without any electroencephalographic focus ; 68 cases 
with an electroencephalographic focus but without any symptoms indicating a 
localized lesion, and 92 cases with an electroencephalographic focus and symp- 
toms or signs pointing to a localized lesion (table 1). In all the 92 cases last 
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Fig. 3.—Focus of fast activity in the left parietal area of a girl aged 12 years. An injury 
to the head at the age of 2 years was followed in six months by right-sided convulsions, 
which continued with a frequency of six to ten per month, and by occasional petit mal 


seizures. The right arm and leg were weak. 
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Fig. 4—Focus of grand mal discharges in the left parietal area of a girl aged 19 years, 
who had a severe head injury four months before this paper was written. In the last twenty- 
four hours right-sided convulsions had appeared. At the time the electroencephalogram was 
taken the patient was in status epilepticus. 
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Fig. 5.—Focus of combined fast and % to 2 per second activity in the frontal area of a 
man aged 25. One year before this paper was written a failing weight had lacerated the frontal 
lobes and severed the optic nerves. Generalized convulsions started six months later. Bilateral 
optic nerve atrophy and right hemiparesis were present. 
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mentioned the site of the electroencephalographic focus was in agreement with 
the clinical localization. 

Examples of the various types of focal activity encountered in the electro- 
encephalogram are shown in figures 1 to 10. The abnormal activity which appears 
so definitely localized in these cases is the same as that which appears as non- 
localized in other cases. In other words, any type of seizure discharge or electro- 
encephalographic abnormality may be either focal or generalized. It is important, 
however, to recognize that certain types of disorder are more commonly localized 
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Fig. 6—Focus of a petit mal variant type of activity in the left parietal area in a boy aged 
12 years. A minor head injury, sustained two years before this paper was written, was followed 
two months later by generalized convulsions, which continued with a frequency of two to six 
per year. No focal neurologic signs were noted 
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Fig. 7—Focus of 3 to 6 per second waves in the right occipital area of a boy aged 11 
years. Two years before this paper was written he had sustained a minor injury to the head, 
without loss of consciousness. The first convulsion occurred six weeks later. Convulsions 
had become progressively more severe and frequent. They were preceded by a visual aura of 
dancing stars on a black background. Weakness of the left leg was noted. 


than others. This fact is clearly illustrated in figure 11, in which the percentage 
incidence of localized electroencephalographic activity of various types is con- 
trasted with the percentage incidence of generalized disorders. Many foci show 
mixed types of disorder. Such foci have been classified according to whichever 
tvpe of disorder predominated. 


RF 


paper was written, was followed two days later by generalized convulsions. 


Fig. 8—Focus of petit mal type of activity in the left parietal area of a boy aged 13 years, 
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fracture of the left frontotemporal region of the skull, sustained two months before this 


These 


ontinued at a frequency of two to three per week, with numerous petit mal attacks 
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Kig. 9—Focus of low amplitude activity in the left parietal and the left occipital area 


a woman aged 41. 


Fracture of the left parieto-occipital area of the skull, seven years 


before this paper was written, was followed by right-sided and generalized convulsions a few 


months later, occurring with a frequency of several seizures per month. The right 


mildly paretic. 
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Fig. 10.—Focus of psychomotor type of activity in the right parietal area of a man aged 20, 


with a history of asphyxia neonatorum. 


vear. He was late in walking. Left-sided seizures developed at the age « 
an average frequency of one per month. Left hemiparesis was present. 


Weakness of the left arm was first noticed at the age 
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In an analysis of the various types of electroencephalographic focal discharges, 
it was found that certain types were more often associated with clinical localizing 
signs than others, as shown in table 1. The highest association was noted when 
the electroencephalographic focal discharge was characterized by slow, irregular 
waves at the rate of 1 to 2 per second. A type of focal activity that was particularly 


» consisting of spike discharges, was found to be a little less 


stressed by Jasper,* 
commonly associated with localized clinical signs. The lowest association occurred 
in cases in which the focal discharge was of the petit mal, or 3 per second wave 
and spike, type. In table 2 it may be seen that no one type of electroencephalo- 
graphic focus is specific for a particular pathologic process; the incidence of differ- 
ent etiologic factors does, however, tend to vary somewhat according to the type 


of the focus. 
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Fig. 11.—Distribution of electroencephalographic types of disorder in 160 cases of epilepsy 
with an electroencephalographic focus. The broken line indicates their distribution in the 
total series of 1,161 cases of epilepsy. P.M.V. indicates petit mal variant (2 per second 
wave and spike discharge); P.M., petit mal (3 per second wave and spike discharge); Psy., 
psychomotor (discharge of flat-topped, slow waves with a frequency of 2 to 4 per second, 
mixed with high voltage, 6 per second waves); S.3, very slow (fairly continuous % to 3 per 
second) activity; S.2, slow (fairly continuous 3 to 6 per second) activity; S.J, slightly slow 
activity (moderate amount below 8 per second); F.1, slightly fast activity (moderate amount 
above 12 per second); F.2, fast activity (great amount above 12 per second); Sp., spikes 
and single spike, and G.M., grand mal seizure discharge. The S and F categories are 
adjusted for age. Examples of various types of activity are shown in figures 1 to 10. For 
a more detailed description of this classification, see Gibbs, Gibbs and Lennox.1° 


COMMENT 
Since clinical evidence of localized damage to the brain was present in only 
1 per cent of the cases without an electroencephalographic focus and in 58 per 
cent of those with an electroencephalographic focus (table 1), it appears that such 
damage is particularly common in cases of epilepsy in which electroencephalographic 
foci are present. As Jasper * has pointed out, the occurrence of seizures with an 
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electroencephalographic focus strongly suggests that the subject belongs to the 
group of epileptic patients who have seizures on an “organic basis,” whereas 
seizures occurring without an electroencephalographic focus suggest that the sub- 
ject belongs to the major group of epileptic patients who have seizures without a 
demonstrable “organic basis.” The former group is generally referred to as having 
“symptomatic” and the latter as having “idiopathic” epilepsy. 

Although there are undoubtedly important differences between seizures with 
and seizures without recognizable lesions in the brain, the appearance of the 
same general types of abnormal electrical activity with each suggests that they 
have a similar neurophysiologic basis. However, the fact that certain types of 
abnormal activity are more frequently encountered in cases with known pathologic 
conditions of the brain than in cases without such lesions suggests that certain 
disorders of nerve cell physiology are more or less peculiar to certain types of 
nerve cell injury. 


Tasite 2—Percentage Incidence of Various Etiologic Agents Among Cases with Different 


Types of Electroencephalographic Focal Activity 


Develop- 
Infee- Vascular’ Birth mental Cause 


ype of Focal Activity Trauma tion Disease Injury Defect Unknown Total 
4 to 2 per sec. (slow 8).. Number 2 5 6 ; 0 9 46 
Percentage 50 1] 13 6 0 1) 100 

to 6 per sec. (slow 2)... Number... 1 2 2 1 6 22 
Percentage. . 50 9 9 ) 27 100 

Spikes Number.. 15 5 3 2 2 18 45 
Percentage ; ll 7 5 4 40 100 

Psychomoto! Number.... 0 0 0 1 ) 1 2 
Percentage 0 0 0 50 0 50 100 

18 to 22 per sec. (fast 2 Number.. f 3 0 0 ] l 11 
Percentage 27 0 0 9 i) 100 

etit mal variant Number. ; 5 2 3 ) 6 19 
Percentage 16 26 10 16 ) 32 100 

Petit mal Number... 5 0 0 2 ] 6 14 
Percentage 6 0 0 14 7 43 100 

ow amplitude Number... ; { 0 1 0 0 0 1 
Percentage , ) 0 100 0 0 0 100 

Total Number.....+.. 6 20 14 12 4 47 160 
Percentage......... ) 13 9 7 29 100 


localizing signs in the electroencephalogram correlate highly with the clinical 
localization, but since many areas of the cortex are clinically silent, i. e., give no 
localizing signs in spite of the presence of a lesion, it is to be expected that many 
electroencephalographic foci will be unassociated with clinical evidence of localized 
disorder. The size of a focus and its location might be expected to determine its 
chance of being associated with clinical localizing signs. It is true that in all 
cases in which the electroencephalographic focus involved an entire hemisphere 
clinical localizing signs were present; as might be expected, also, a focus near the 
central sulcus was more often associated with localizing clinical signs than one 
in the frontal lobe. The type of electroencephalographic examination employed 
in the present study is capable of localizing disorders only in the accessible cortex, 
i. e., the outer convexity of the cerebral hemispheres; deep lesions cannot be 
localized. Therefore, in cases in which the clinical signs and symptoms point to a 
deep lesion, and such cases were rare in this series, there will be a poor correlation 
with the electroencephalographic focus. While it is probably true that in some of 
the 14 cases of epilepsy with clinical localization but without a electroencephalo- 
graphic focus the lesion may have involved only deep structures, in no case was 
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this assumption definitely corroborated by the clinical evidence. In this series, 
failure to find a focus and discrepancies between the clinical and the electro- 
encephalographic localization were not usually explicable on the basis of the 
inaccessibility of the lesion. For example, in 4 of the 31 cases in which typical 
jacksonian seizures of supposedly cortical origin occurred, repeated electroencepha- 
lographic examinations failed to reveal foci. Such failures are, for the most part, 
totally inexplicable and altogether disconcerting, but it is reassuring that the 
electroencephalographic focus was corroborative in 87 per cent of all cases with 
clinical localizing signs. This high degree of concordance is significant not only 
because it indicates the usefulness of electroencephalographic localization in cases 
of epilepsy, but because it tells something of the origin of seizures; it indicates 
that they occur rarely from localizable lesions in the depths of the brain. 

A focus of electroencephalographic activity characterized by diminution in 
amplitude, as compared with the activity from the homologous area over the 
opposite hemisphere, was present in 1 case of cerebral hemorrhage. A focus of this 
type was described by Jasper, Kershman and Elvidge** in cases of subdural 
hematoma. 

Except for minor differences in technic and nomenclature, the present study 
is in general accord with previous investigations by Jasper and his collaborators. 
It provides a statistical basis for some statements that were heretofore only feebly 
supported, and since it presents data on a large number of uniformly classified 
cases, it is serviceable for estimation of those expectancies which underlie all 
valid diagnoses and prognoses. 


SUMMARY AND CONCLUSION 

Electroencephalographic studies were carried out on a random sample of 1,161 
epileptic patients. Simultaneous records from six cortical areas were made with 
monopolar leads. In 15 per cent, or 160 cases, electroencephalographic foci were 
found. In 58 per cent of these 160 cases clinical localizing signs were present, 
and in all these cases the clinical and electroencephalographic localizations were 
in agreement. A corroborating electroencephalographic focus was noted in 87 per 
ceut of 106 cases with clinical localizing signs or symptoms. 

Clinical evidence of localized damage to the brain was fifty-eight times as com- 
mon in epileptic patients with electroencephalographic foci as in patients in whom 
the disturbance was generalized or absent. The same types of seizure discharge , 
or other electroencephalographic abnormality were encountered in cases with focal 
electroencephalographic activity as in cases with nonfocal disorders. However, 
certain types of abnormality, notably irregular 14 to 3 per second activity, spikes 
and 2 per second waves and spikes, were much commoner in focal than in non- 
focal records. The presence of one of these three types of abnormality is pre- 
sumptive evidence of localized damage to the brain. 

Boston City Hospital. 


11. Jasper, H. H.; Kershman, J., and Elvidge, A.: Electroencephalographic Studies of 
Injury to the Head, Arch. Neurol. & Psychiat. 44:328-348 (Aug.) 1940 
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Reid ' noted that a beneficial effect was produced by weak galvanic stimulation 
of denervated frog muscle. He pointed out that “the application to the treatment 
of certain cases of paralysis was so obvious as to require no comment.” Langley ? 
and Hartman, Blatz and Kilborn,’ from work with rabbits, concluded that elec- 
trical stimulation did not appear to benefit denervated muscle. Chor and asso- 
ciates,* in work with monkeys, likewise found that electrical stimulation, as well 
as passive movement and massage, was ineffective, up to a period of at least six 
weeks after denervation, in retarding atrophy and degeneration of the denervated 
muscle. Fischer,® using rats, demonstrated that electrical stimulation exerted a 
notable retarding influence on the loss in weight of denervated muscle. Such 
stimulation, Fischer observed, was accompanied by a distinctly higher degree of 
power in the denervated muscle and a slight decrease in the loss of birefringence, 
these effects, however, being of a lower order than the effect on loss of weight. 
Eccles ®° and Hines‘ found electrical stimulation effective in preventing loss of 
weight and made certain interesting observations on the optimum duration of 
stimulation. Gutmann and Guttmann,® from experiments with denervated rabbit 
muscles, concluded that galvanic stimulation delays and diminishes muscular 
atrophy. The return of the muscle to its initial volume after reinnervation was 
accelerated by such stimulation. These investigators also pointed out that treated 
muscles showed less fibrosis, larger fibers, more definite striation, better excitability 
and contractility on direct stimulation and stronger reflex action than untreated 
muscles. 


This study was aided by a grant from the National Foundation for Infantile Paralysis, Inc. 

From the Departments of Mathematics, Physiological Hygiene and Physiology, University 
of Toronto, 

1. Reid, J.: On the Relation Between Muscular Contractility and the Nervous System, 
London & Edinburgh Monthly J. M. Sc. 1:320, 1841. 

2. Langley, J. N.: Observations on Denervated Muscle, J. Physiol. 50:335, 1916. 

3. Hartman, F. A.; Blatz, W. E., and Kilborn, L. G.: Studies in the Regeneration of 
Denervated Mammalian Muscle: I. Volume Changes and Temperature Changes, J. Physiol. 
53:92, 1919; II. Effect of Massage, ibid. 58:108, 1919. Hartman, F. A., and Blatz, W. E.: 
Studies in the Regeneration of Denervated Mammalian Muscle: III. Effects of Massage and 
Electrical Treatment, ibid. 53:290, 1920. 

4. Chor, H.; Cleveland, D.; Davenport, H. A.; Dolkart, R. E., and Beard, G.: Atrophy 
and Regeneration of the Gastrocnemius-Soleus Muscles, J. A. M. A. 113:1029 (Sept. 9) 1939. 

5. Fischer, E.: The Effect of Faradic and Galvanic Stimulation upon the Course of 
Atrophy in Denervated Skeletal Muscles, Am. J. Physiol. 127:605, 1939. 

6. Eccles, J. C.: Disuse Atrophy of Skeletal Muscle, M. J. Australia 2:160, 1941. 

7. Hines, H. M.: Effects of Immobilization and Activity on Neuromuscular Regeneration, 
J. A. M. A, 120:515 (Oct. 17) 1942. 

8. Gutmann, E., and Guttmann, L.: Effect of Electrotherapy on Denervated Muscles in 
Rabbits, Lancet 1:169, 1942 

802 


SOLANDT ET AL—ATROPHY OF DENERVATED MUSCLE 803 


The experimental evidence summarized in the foregoing review weighs heavily 
toward the view that electrical treatment is effective in retarding the course of 
atrophy in denervated muscle. 

The present investigation was undertaken to determine the effect of variations 
in electrical stimulation on the reduction in atrophy of denervated muscle. An 
attempt was made (1) to compare the relative effectiveness of 25 cycle sinusoidal, 
60 cycle sinusoidal, faradic and galvanic currents and (2) to determine the 
optimum number and length of treatments. 


METHOD 


Albino rats weighing 150 to 200 Gm. were used. The same strain of rats has been used 
in experiments dealing with the denervation of skeletal muscles on a number of previous 
occasions,? and the changes occurring in such muscles have been evaluated and found to 
occur with remarkable constancy. The animals received a full normal diet and were kept in 
individual cages. The gastrocnemius-soleus group of muscles was denervated on one side of 
each animal by excision of a small section of the sciatic nerve high in the thigh. Initially 


TABLE 1.—Factorial Experimental Design 


Factors Levels Symbols 


Number of treatment periods daily (1; 3; 6) 3 @1, &2, as 
Length of treatment (1 min.; 2 min.; 3 min.; 5 min.) 4 bi, bez, bs, Da 
Current type (galvanic; faradic; 60 cycle; 25 cycle) 4 C1, C2, C3, C4 
Length of Number of Treatment Periods Daily 
Treatment, — 
Min. Type of Current One Three Six 
1 aibic1 asbic1 
2 aibeti acbet1 asbec1 
Galvanic...... aibsc1 a2bst1 asbs¢1 
aibsce acbsc2 asbsc2 
aibses a2bsts asbscs 
60 cycle...... aibses acbats asbacs 


alternate sides were denervated, but ultimately the selection of the limb to be denervated was 
made at random. The latter procedure resulted in approximately equal numbers of rats with 
denervation of the right leg and rats with denervation of the left leg and conformed to the 
statistical treatment accorded the results. 

In preliminary work the effects of a 25 cycle sinusoidal current were studied to determine 
the optimum number of stimulation periods each day and the optimum length of each stimu- 
lation period. Stimulation was accomplished with a current strength of 2.5 milliamperes. The 
intensity of the 60 cycle sinusoidal, faradic and galvanic currents was adjusted to equal that 
employed with the 25 cycle sinusoidal current and was maintained at this value for the 
duration of the experiment. The intensity was supramaximal for all but the late faradic 
stimulation. Observations on a small independent series of animals given supramaximal 25 
cycle and supramaximal faradic stimulation simply confirmed the results for the main series. 

Electrical stimulation of the limb was accomplished by placing the animal in a plaster of 
paris cast fitted over the dorsal portion of the head and body. A sheet of transparent xylonite 

9. Solandt, D. Y., and Magladery, J. W.: The Relation of Atrophy to Fibrillation in 
Denervated Muscle, Brain 63:255, 1940; A Comparison of the Effects of Upper and Lower 
Motor Neurone Lesion on Skeletal Muscle, J. Neurophysiol. 5:373, 1942. Magladery, J. W., and 
Solandt, D. Y.: The Relation of Fibrillation to Acetylcholine and Potassium Sensitivity in 
Denervated Skeletal Muscle, ibid. 5:357, 1942. Solandt, D. Y.; Partridge, R. C., and Hunter, J.: 
The Effect of Skeletal Fixation on Skeletal Muscle, ibid. 6:17, 1943. Solandt, D. Y.: Atrophy 
in Skeletal Muscle, J. A. M. A. 120:511 (Oct. 17) 1942. 
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placed ventrally held the animal in the cast while it was being placed and clamped in position, 
To facilitate the handling of the animal during this procedure, light ether anesthesia was 
used. Electrical connections were made to the appropriate protruding leg through a clip op 
the skin of the thigh and another on the toes. Each animal received a five second period 
of stimulation, followed by a five second period of rest for a total period of one, two, 
three or five minutes. The durations of the periods of stimulation and rest were accurately 
controlled by a motor-driven commutator. Each experiment was conducted for a period of 
fourteen days, and stimulation in each case was started on the third day after denervation. 

For the purpose of applying a standard statistical treatment to the weights of the denervated 
muscles obtained on the fourteenth day, a factorial experimental design was used, which js 
summarized in table 1. This design requires that each level of each factor, such as the 
number of treatment periods daily, the length of treatment and the type of current, be taken 
in combination with each level of every other factor. In this experiment the factors considered 
were as follows: 


Factors No. of Levels Symbols 
Number of treatment periods (1, 3, 6)...............6- 3 a1. a2, as 
Length of treatment (1 min.; 2 min.; 3 min.; 5 min.).... 4 b:, be, bs, by 
Type of current (galvanic; faradic; 60 cycle; 25 cycle).. 4 C1, C2, Ca, Ce 


Thus, there were 4 x 4 x 3, or 48 distinct combinations. One rat was assigned to each 
combination, and although the treatment received by each rat differed from that received by 
every other rat, nevertheless comparisons of treatments could validly be made. For example, 
12 rats were assigned to each type of current. Differences in the responses of these sets of 12 
rats would presumably indicate differences resulting from the various types of current applied, 
because all other treatments were equally represented in each of these sets of 12 rats. A 
replication of the original number of observations assigned to the identical kind, length and 
number of treatments provided a total of 96 observations. The weight of the normal muscle 
was included as a covariant. 

RESULTS 

The weights of the normal and the denervated gastrocnemius-soleus muscle 
groups obtained for each combination of factors are set forth in table 2. When 
these values were submitted to a standard statistical analysis of variance and 
covariance,!® the values recorded in table 3 were obtained. Table 3 shows the 
sums of squares of deviations from the mean of the weights of the denervated 
muscles adjusted by covariance to a normal weight of 1.18 Gm. In this table, 
the “error” mean square, 48.08, shows the magnitude of the variation which 
results from the errors of the experiment, usually ascribed to chance. The symbol 
A stands for a comparison among themselves of the averages obtained for one 
application (a,), three applications (a,) and six applications (a,) daily. The 
mean square corresponding to A acquires its value from the differences in response 
to a,, a, and a,. If these responses had been identical, this mean square would 
have the value zero. If the responses differed only through the errors of the 
experiment, the mean square should not differ greatly from that ascribable to such 
errors alone, that is, 48.08. Actually, the mean square corresponding to A is 
220.60, which is vastly greater than 48.08, as judged by an objective test, the 
analysis of variance test, and therefore must have resulted from real differences 
in response to a,, a, and a. 

Exactly similar considerations apply to C. In the case of B, however, the 
mean square is not substantially greater than the “error” mean square. Hence 
there was no evidence in this experiment that variation in the length of treatment 
produced variation in response. 

10. Fisher, R. A.: Statistical Methods for Research Workers, Edinburgh, Oliver & Boyd, 
1934. Rider, P. R.: An Introduction to Modern Statistical Methods, New York, John Wiley 
& Sons, 1939, 


var 


= 
anc 
Tre 


Sition, 
Was 
ip on 
eriod 
two, 
rately 
od of 


vated 
ch is 
the 
taken 
lered 


SOLANDT ET AL—ATROPHY OF DENERVATED MUSCLE 805 


The symbol of A XC represents the interaction of A and C, that is, the 
yariation in the responses to a,, a, and a,, according as ¢,, C., C, or c, is employed 
and vice versa. 

Under “error” are included all interactions which involve the replication. 


TaBLe 2.—W eights of Normal and of Denervated Muscle * Following Treaiment Assigned 
in the Factorial Experimental Design 


Number of Treatment Periods Daily 
AN 


One Three Six 
Treatment, Type of Denervated Normal Denervated Normal Denervated Normal! 
Min. Current Muscle Muscle Muscle Muscle Muscle Muscle 


Fourteenth Day After Denervation 


1 Galvanic 72 152 7 131 69 131 
Faradic 61 130 61 129 65 126 
60 cycle 62 141 65 112 70 111 
25 cycle 85 147 76 125 61 130 
2 Galvanic 67 136 52 110 62 122 
Faradic 60 111 55 180 59 122 
60 cycle 64 126 65 190 64 98 
25 cycle 67 123 72 117 60 9g 
3 Galvanic 57 120 66 32 72 129 
Faradic 72 165 43 95 43 7 
60 cycle 63 112 66 130 72 130 
25 cycle 56 125 75 130 92 162 
5 Galvanic 57 121 5e 160 73 135 
Faradic 60 87 6 115 58 118 
60 cycle 61 93 79 126 63 160 
25 cycle 73 108 86 140 71 120 
Weights of Normal and Denervated Muscle Obtained in a Replication of the Above Experiment 
1 Galvanic 46 97 74 131 58 81 
Faradic 60 126 64 124 52 102 
60 cycle 71 129 64 117 7 108 
25 cycle 53 108 65 108 65 108 
2 Galvanic 44 83 58 1i7 54 97 
Faradic 57 104 55 112 51 100 
60 cycle 32 114 61 100 79 115 
25 cycle 60 105 73 112 82 102 
3 Galvanic 53 101 ) 103 61 115 
Faradic 56 120 57 110 56 105 
60 cycle 56 101 56 109 71 105 
25 eycle 56 97 58 87 69 1” 
5 Galvanic 46 107 55 108 64 115 
Faradic 56 109 55 104 57 10: 
60 cycle 64 114 66 101 62 99 
25 cycle 59 102 58 98 88 135 
* Weights are expressed in grams, multiplied by the factor 100 
TABLE 3.—Statistical Summary 
Adjusted Sums of 
Squares of Deviations 
from Mean of Weights of Degrees of 
Source Denervated Muscle Freedom Mean Square 
A B 627.88 18 34.88 


* Significant at the 1 per cent level. 
t Significant at the 5 per cent level. 


COMMENT AND CONCLUSIONS 


Table 4 exhibits most of the conclusions to be drawn from the factorial expert- 
ment. Similar tables made up for a and b and for b and c add nothing, owing 
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to the absence of effect of variations in the length of treatment. The 25 cycle 
current (c,) produced consistently the best results, and the 60 cycle current (c,), 
consistently the second best results. Both types were distinctly superior to either 
the galvanic or the faradic current. No demonstrable difference was detected 
in the effect of the faradic and that of the galvanic current on retention of weight. 
Neither current performed consistently better than the other. This lack of con- 
sistency accounts for most of the inflation of the A Xx C interaction (table 3), 

The variation in the number of treatments given daily (a,, a, a,) produced 
significant variations in response, and the effectiveness of the treatments increased 
with the number of treatments given daily. The retention of weight varied in an 
approximately linear manner with the number of treatments given daily, as is 
shown by the fact that the linear component accounts for 434.36 out of the total 
sum of squares of 441.21. (This linear component is calculated with regard to 
the numbers a,, a, and a, as being in arithmetical progression. Actually, a, = 1, 
a, = 3 and a, = 6, and if this departure from arithmetical progression were taken 
into account, still more of the total sum of squares would be absorbed by the linear 
component.) A small supplementary experiment seemed to show that this linearity 
extends beyond the range of number of treatments used in this series (one to 
six treatments daily). 

TasLe 4.—Weight of Denervated Muscle Adjusted to a Normal Weight of 1.18 Gm* 


a1 a2 a3 Totals 
* Coefficient of regression of weight of denervated muscle on normal weight = 0.2483. 


Although the experiment would detect as significant differences in response 
of the order of 5 per cent of the normal weight, no sensible differences in result 
were obtained by varying the length of treatment. It appears, then, that the 
length of time assigned to the treatment is of no consequence, at least within the 
range investigated (one to five minutes). Eccles,° likewise, found the length of 
each treatment to have little effect on the atrophy. 

In view of the fact that electrical stimulation does reduce the loss of weight 
of denervated muscles, the direct linear relationship between retention of weight 
and repetition of the periods of treatment appears reasonable. The lack ot rela- 
tionship between duration of individual treatments and effectiveness is not so 
obvious. It is improbable that the shortest period used could cause appreciable 
fatigue and thus, in effect, be too long. Possibly the beneficial result was entirely 
due to improvement in the circulation to the muscle. Perhaps a specific increase 
in the venous return from the muscle was brought about. If improved venous 
return was the mechanism, a short period of maximal contraction would be as 
effective in reducing loss of weight as a prolonged contraction. 

Only two frequencies of sinusoidal current were tested. In these experiments 

25 cycle current gave better results than a 60 cycle current. The reason for 
the greater effectiveness of the lower frequency is not known. Possibly fatigue 
the lower frequency differs from that to the higher. More probably the time 
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factors of excitation (Lapicque’s chronaxia) and accommodation (Hill’s lambda) 
of the muscle are such that there is a definite optimum frequency of stimulation,*! 
which in the present case was probably in the neighborhood of 25 cycles. 


SUM MARY 

That electrical stimulation is effective in reducing the loss of weight of dener- 
vated muscle has been demonstrated conclusively by a number of workers. With 
electrical stimulation at maximal strength, the present experiments led to the 
following conclusions : 

1. Of the types of current tried, the 25 cycle alternating (sinusoidal) current 
produces the best results with respect to retention of weight, and the 60 cycle 
current is secorid best. 

2. Neither ‘galvanic nor faradic current performs consistently better than the 
other. Both are inferior to the 25 and the 60 cycle sinusoidal current. 

3. The effectiveness of the treatments increases with the number of treatments 
daily. This relationship is apparently linear. 

4. No sensible differences in results are obtained by varying the length of the 
treatment within the limits employed (one to five minutes). 

University of Toronto. 


11. Hill, A. V.; Katz, B., and Solandt, D. Y.: Nerve Excitation by Alternating Current, 
Proc. Roy. Soc., London, s.B 121:74, 1936. 
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INTERACTION OF ELECTRIC SHOCK 
AND INSULIN HYPOGLYCEMIA 


EXPERIMENTAL INVESTIGATIONS 


E. GELLHORN, M.D. 
AND 
M. KESSLER, MLS. 
CHICAGO 

The present study is a further attempt to contribute to an understanding of 
the essential physiologic mechanisms set up by electric shock and insulin hypogly- 
cemia. Our earlier investigation’ showed that electrically induced convulsions 
excite in the unanesthetized rat the sympatheticoadrenal and vagoinsulin systems, 
However, the action on the vagoinsulin system is masked in the normal animal 
by the predominance of the excitation of the sympatheticoadrenal system, which 
causes hyperglycemia. 

Studies by one of us (E. G.), in collaboration with Ingraham, Moldavsky, 
Kiely, Kraines and Hamilton,* have suggested that hypoglycemia likewise produces 
increased excitability of the sympathetic medullary centers, since the reaction of 
the blood pressure to anoxia, as well as to carbon dioxide, is greatly increased 
during hypoglycemia. Moreover, the increased secretion of epinephrine during 
hypoglycemia is well known.* That the effect is not restricted to the sympathetic 
division of the autonomic nervous system is evident from the fact that gastric 
secretion and motility are increased and the heart rate is diminished in insulin 
shock.‘ 

This study was aided by a grant from the John and Mary R. Markle Foundation. 

From the Department of Physiology, the University of Illinois College of Medicine. 

1. Kessler, M., and Gellhorn, E.: The Effect of Electrically Induced Convulsions on the 
Vago-Insulin and Sympathetico-Adrenal System, Proc. Soc. Exper. Biol. & Med. 46:64-66, 1941. 

2. (a) Gellhorn, E.: Effects of Hypoglycemia and Anoxia on the Central Nervous Sys- 
tem, Arch. Neurol, & Psychiat. 40:125-146 (July) 1938. (b) Gellhorn, E.; Ingraham, R. C., 
and Moldavsky, L.: The Influence of Hypoglycemia on the Sensitivity of the Central Nervous 
System to Oxygen Want, J. Neurophysiol. 1:301-312, 1938. (c) Ingraham, R. C. 


in. 


, and Gellhorn, 
Role of Adrenals in Blood Pressure Reaction to Anoxia During Insulin Hypoglycemia, 
Proc. Soc. Exper. Biol. & Med. 40:315-319, 1939. (d) Kraines, S. H., and Gellhorn, E.: The 
Effects of Insulin Hypoglycemia on the Blood Pressure Response to Oxygen Deficiency in 
Man, Am. J. Psychiat. 95:1069-1075, 1939. (e) Gellhorn, E.; Kiely, W. F. 


, and Hamilton, 
Influence of Carbon Dioxide on the Excitability of the Vasomotor Center in Hypo- 
glycemia, Am. J. Physiol. 130:256-260, 1940. 

3. Cannon, W. B.; McIver, M. A., and Bliss, S. W.: Studies on the Conditions of 
Activity in Endocrine Glands: XIII. A Sympathetic and Adrenal Mechanism for Mobilizing 
Sugar in Hypoglycemia, Am. J. Physiol. 69:46-66, 1924. Freeman, N. E.; Smithwick, R. H,, 
and White, J. C.: Adrenal Secretion in Man: The Reactions of the Blood Vessels of the 
Human Extremity Sensitized by Sympathectomy to Adrenalin and to Adrenal Secretion Result- 
ing from Insulin Hypoglycemia, ibid. 107:529-534, 1934. Brandt, F., and Katz, G.: Ueber 
den Nachweis von Adrenalinsekretion beim Menschen: I. Die Insulinhypoglykamie, Ztschr. 
f. klin. Med. 123:23-38, 1933. 

4. Quigley, J. P., and Templeton, R. D.: Action of Insulin on Motility of Gastrointestinal 
Tract, Am. J. Physiol. 91:482-487, 1930. La Barre, J.: La physiopathologie des hypogly- 
cémies, Cong. franc. méd. 23:5-60, 1934. Hollander, F.; Jemerin, E. E., and Weinstein, V. A.: 
An Insulin Test for Differentiating Vagal from Non-Vagal Stomach Pouches, Federation Proc. 
1:116, 1942. Himwich, H. E.; Martin, S. J.; Alexander, F. A. D., and Fazekas, J. F.: 
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If it is true that electric shock and hypoglycemia produce predominantly an 
excitation of the sympathetic centers, it must be assumed that conditions which 
permit the interaction of these factors will bring the sympathetic effects into great 
prominence. The experiments described in this paper were designed to test this 
hypothesis. It was decided, therefore, to study the effect of electric shock at 
normal blood sugar levels and during insulin hypoglycemia. 

The experiments were performed on adrenodemedullated rats for two reasons. 
First, insulin coma is induced with greater regularity and with smaller doses of 
insulin in the demedullated animal than in the normal one. Second, it was thought 
that the action of electric shock on the sympathetic centers under the aforemen- 
tioned conditions could be better evaluated if the effect of sympathetic stimulation 
on the blood sugar was eliminated. Since a rise in blood sugar will promptly 
cause disappearance of all symptoms of hypoglycemia, the excitation of the sym- 
patheticoadrenal system by electric shock will terminate the coma through restora- 
tion of the normal blood sugar. Under these conditions the effect of the sympathetic 
stimulation, if any, would be obscured. As indicators of the effect of insulin hypo- 
glycemia and of electric shock were chosen the electroencephalogram and the 
behavior of the rats, the blood sugar and, finally, the heart rate. 


METHOD 

From male rats, weighing 250 to 300 Gm., the medulla of both adrenal glands was removed, 
and the animals were used one or more weeks after the operation. The electroencephalogram 
was obtained by means of phonograph needles inserted in the skull (Hoagland), and the 
electric shock current was applied through the same electrodes. Power for the shock was 
obtained from a General Electric variable autotransformer set at 40 volts and delivering a 
current of 30 milliamperes for one to two seconds.® Insulin® was injected intraperitoneally 
(5 units per kilogram of body weight), and at the height of hypoglycemic coma (usually 
forty to sixty minutes after the injection of insulin) the electric shock was applied and its 
action on the electroencephalogram, the general behavior and the pulse rate was studied. The 
blood sugar was determined according to the method of Shaffer and Hartman or of Hoffman.? 
The values obtained with the latter method are about 30 mg. per hundred cubic centimeters 
higher than those obtained with the former. 


RESULTS 

Effects of Electric Shock on the Electroencephalogram of Rats——Numerous 
experiments performed on normal and on adrenodemedullated rats showed uni- 
form changes in the clinical picture, as weil as in the electroencephalogram, after 
electric shock. ‘The first stage was characterized by tonic-clonic convulsions, fol- 
lowed by a catatonic state, in which the rat could be maintained in an abnormal 
posture for several minutes. Hereafter, a gradual return to normal locomotion 
and behavior took place. During the convulsions the electroencephalogram showed 
spikes of high amplitude characteristic of seizures. They were followed by a period 
of complete or almost complete silence. Then the potentials were gradually restored 
to normal during the next ten to sixty minutes. The alpha potentials were at 


Electrocardiographic Changes During Hypoglycemia and Anoxemia, Endocrinology 24:536-541, 


1939. Dworkin, S.: Insulin and Heart Rate After Sympathectomy and Vagotomy, Am. J. 
Physiol. $6:311-320, 1931. 
5. Gellhorn, E., and Kessler, M.: The Effect of Hypoglycemia on the Electroencephalo- 


gram at Varying Degrees of Oxygenation of the Blood, Am. J. Physiol. 136:1-6, 1942. 
Arnett, V.: Kessler, M., and Gellhorn, E.: The Role of the Adrenal Cortex in Preventing 
Hypoglycemic Convulsions, ibid. 137:653-657, 1942. Kessler and Gellhorn.! 

6. The insulin was supplied by Eli Lilly & Co., Indianapolis. 

7. Hoffman, W. S.: Photelometric Clinical Chemistry, New York, William Morrow & 
Co., 1941. 


of 
y- 
ns 
1S, 
al 
*h 
y, 
es 
of 
IC 
ic 
n 
1€ 
1. 
1S 
A, 
n 
1, 
f 
or 


810 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


first low and attained the normal amplitude after several minutes. In some 
instances they were normal in three minutes, but in a few cases their amplitude 
was still diminished sixty minutes after shock, when the behavior of the rat was 
normal. Most characteristic was the occurrence of delta potentials after the 
period of complete silence. As a rule they appeared before the alpha potentials 
and decreased in amplitude gradually, while the alpha potentials came more and 
more into prominence. In no instance was the amplitude of the alpha potentials 
increased above the normal level. 

Figure 1 shows the electroencephalogram before (1) and shortly after (2) 
application of the electric shock. The large potentials in the first half of the record 


> 


coincide with the end of the convulsive period. Record 3 illustrates the period 


1sec 


6 


7 


Fig. 1—Effect of electric shock (40 volts; 30 milliamperes) on the electroencephalogram 
of the rat. Record 1 was made before shock; records 2 to 7 were obtained one-half, three, four 
and a half, seven and twenty minutes respectively after shock. 


of almost complete silence which follows the period of convulsions. ‘This stage 
is succeeded by the stage shown in record 4, in which the delta potentials become 
prominent. In the next period the alpha potentials have returned to a considerable 
extent, although their amplitude is low. A few minutes later a record (6) was 
obtained in which the delta potentials had again become more prominent. Such 
a recurrence of delta potentials was not infrequent. The final record (7) shows 
the reestablishment of normal potentials. At this time the rat appeared normal. 
Removal of the medulla of the adrenals did not alter the effect of electric shock 
on the electroencephalogram and the behavior of the animal. 

Effect of Electric Shock on Hypoglycemic Rats——In order to evaluate the 
effect of electric shock on hypoglycemic rats it was necessary to study the action 
of insulin hypoglycemia in control experiments. In general, it was found that 
the adrenodemedullated rats when given an injection of 2 to 5 units of insulin per 
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kilogram of body weight showed hypoglycemic convulsions in forty to sixty 
minutes and died shortly after the onset of convulsions unless dextrose was admin- 
istered. If in the state of maximal hypoglycemia a very small amount of dextrose 
was injected intraperitoneally, coma persisted and convulsions were prevented. 
Under these conditions the electroencephalogram showed the typical hypoglycemic 
picture. If the animal was kept in this condition for one hour or more, the 
subsequent injection of an adequate amount of sugar, although leading to distinct 
hyperglycemia, failed to bring about recovery. 

In the experiment illustrated in figure 2, 12 mg. of dextrose injected during 
insulin coma permitted the animal to remain in coma for almost an hour and kept 
the blood sugar at a low level. No convulsions occurred during this time. The 
electroencephalogram showed a decline of both the alpha and the delta potentials 


Fig. 2.—Effect of prolonged insulin coma on the adrenodemedullated rat. 


10:05 a.m.: 5 units of insulin per kilogram of 11:25 a.m.: Intraperitoneal injection of 7 
body weight. mg. of dextrose 
Record 1.—10: 53 a. m.: Coma. : Record 5.—11: 28 a. m.: Coma. 
11:07 a.m.: Blood sugar level 58 mg. pet Record 6.—11: 46 a.m.: Coma 
hundred cubic centimeters. . 


1:48 a.m.: Blood sugar 58 mg. per hun- 
dred cubic centimeters; 14 mg. of dextrose 
injected intraperitoneally. 


11: 08 a.m.: Intraperitoneal injection of 
mg. of dextrose 


Record 2.—-11: 10 a. m.: Coma 

Record 3 11: 14 a.m.: Coma 11:56 a.m.: Coma; 420 mg. of dextrose in- 

Record 4.—11:23 a. m Coma, blood sugar 54 jected intraperitoneally; coma continued, 
mg. per hundred cubic centimeters. 12:25 a.m.: Convulsions; animal died. 


The experiment shows progressive deterioration of the electroencephalogram of an animal in 
prolonged coma maintained at a constant level of the blood sugar. 


during this period. At the beginning of the coma (7) large delta potentials were 
interspersed among normal alpha waves. At the end of the coma (6) even the 
slow potentials were small, and there were relatively long periods with little or no 
electrical activity. These changes seemed to indicate gradual deterioration of 
cerebral function, since injection of an adequate amount of dextrose failed to 
relieve coma and the electroencephalographic abnormalities. Finally, the animal 
died in convulsions. 
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On the basis of these control experiments, investigations were carried out jp 
which at the height of the hypoglycemic symptoms convulsions were produced 
by the application of an electric shock to the head. Successful experiments were 
performed on 13 adrenodemedullated rats, in which the electric shock led to com. 
plete or almost complete recovery from the coma. It is noteworthy that in only 
2 of these rats did the blood sugar rise above coma levels. In all the others the 
level of the blood sugar remained practically unchanged. This is understandable 
in view of the fact that hyperglycemia results from electric shock in the normal 
but not in the adrenodemedullated rat. This statement is apparently valid for the 
adrenodemedullated rat in the hypoglycemic state. 

The interesting observation that electric shock may cause recovery from hypo- 
glycemic coma without alteration in the low level of the blood sugar is based not 
only on the behavior of the animals but on electroencephalographic records. The 
record obtained from the first rat (fig. 3.4) shows that coma was observed when 
the blood sugar had fallen to 62 mg. per hundred cubic centimeters.* Nineteen 
minutes after the onset of coma (3) the elcctroencephalogram showed large, slow 
delta waves interspersed with occasional alpha waves. Then convulsions were 
induced electrically. After they had disappeared, both grossly and in the electro- 
encephalographic record, the characteristic period of almost complete silence 
appeared in the electroencephalogram (4). Records obtained nine and twenty- 
one minutes later showed that the delta potentials, which were very large prior to 
the electric shock, were now relatively infrequent and smaller in amplitude and 
that alpha potentials had reappeared and had gradually increased in amplitude 
(compare 6 and 5). With the reappearance of a nearly normal electroencephalo- 
gram the behavior of the rat had changed fundamentally. Whereas prior to the 
application of the electric shock the righting reflex was completely absent, it was 
seen later (ten minutes aiter the shock) that the rat made a slight attempt to 
right itself when placed on its back, and during the taking of record 6 it appeared 
perfectly normal in spite of the fact that the blood sugar reading at that time was 
completely unchanged. 

The second set of records (#) in figure 3 shows the typical development of the 
electroencephalographic symptoms of insulin hypoglycemia, characterized by large 
delta potentials. After electric shock an electroencephalogram was obtained in 
which the delta potentials were far less prominent. Such slight delta potentials 
as appeared in record 6 are frequently seen in normal rats. Comparison of record 
6 with record 1, obtained prior to the injection of insulin, shows that the normal 
electroencephalogram has been reestablished to a considerable degree, although in 
this experiment the clinical recovery was less than in the preceding observation. 
No spontaneous locomotion was observed, but the righting reflexes, which had 
disappeared prior to the electric shock, were at least partially restored. Here, 
again, the blood sugar remained unchanged at a coma level in spite of the partial 
restoration of cerebral function. 

The third set of records (C) illustrates, again, the far reaching restoration of 
the electroencephalogram and the behavior of the rat to normal after electric 
shock, although the blood sugar was at a still lower level than was observed in the 
first two experiments shown in figure 3. 

Figure 4 illustrates a type of recovery which was somewhat different from 
that shown in figure 3. During coma (1) the electric activity was slight, con- 
sisting of slow waves occurring at regular intervals. We have frequently observed 


8. Determined by the method of Hoffman. 
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in this type of electroencephalogram as the only sign of electric activity when the 
ced animal was in deep coma. After the electric shock there was a reappearance of 
ere distinct alpha waves, as well as periods of large potentials in the form of spindles, 
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cal Fig. 3.—Effect of electric shock on the electroencephalogram and the behavior of adrenode- 
ia medullated rats in hypoglycemic coma. 
Set A.—2: 50 p.m.: 5 units of insulin per kilo Record 3.—2: 14 p. m.: Coma. 
ot gram of body weight. 2: 16 Slight convulsion. 
Record 2.—3: 50 p. m.: Coma shack. ired 
ric 3:53 p.m.: Blood sugar 62 mg. per hundred 2:4) Pp. Mm.: lood sugar 62 mg. per hundre 
cubic centimeters. 
cubic centimeters. . 
he Record 4.—2: 26 p. m.: Coma. 
ecord 3.—4: 09 p. m.: Coma. Record 5.—2:35 p.m.: Partial righting reflex. 
4:10 p.m.: Electric shock. Record 6.—2:45 p.m.: Partial righting reflex. 
Record 4.—4:14 p.m.: Coma. 2:50 p.m.: Blood sugar 62 mg. per hundred 
ym Record 5.—4: 23 p.m.: Partial righting reflex. _cubic centimeters. 
4: 29 p.m.: Behavior almost normal. Set C.—9: 28 a.m.: 5 units of insulin per kilo- 
4:31: Blood sugar 62 mg. per hundred cubic R — weight. 
centimeters. Record 1.—10: am. | 
ed Record 2.—10: 30 a. m.: Coma. 


Record 6.—4: 35 p.m.: Behavior normal. 


Set B.—1:10 p.m.: 5 units of insulin per kilo- 


gram of body weight. 
Record 1.—1: 30 p.m.: Rat normal. 
Record 2.—1: 59 p. m.: Coma. 


10: 30% a.m.: Electric shock. 
Record 3.—10: 39 a.m.: Blood sugar 54 mg. per 
hundred cubic centimeters. 
Record 4.—11:a.m.: Rat normal; blood sugar 58 
mg. per hundred cubic centimeters 
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similar to those occurring during anoxia”® and sleep.'’ In this experiment, also, 
there was clinical recovery associated with improvement in the electroencephalo- 
gram in spite of the persistence of a very low blood sugar level. 

The experiments illustrated in figures 3 and 4+ make it clear that electrically 
induced convulsions may bring about either partial or complete recovery in hypo- 
glycemic animals in spite of unchanged low levels of the blood sugar. The 
degree of recovery varies somewhat with different animals, and there was no com- 
plete parallelism between the electroencephalographic and the clinical recovery, 
These observations indicate that mechanisms are activated during the electrically 
induced convulsions which greatly improve the function of the brain. Our 
studies suggest that spontaneous convulsions may have a similar effect. 

It was stated earlier that when adrenodemedullated rats are given injections 
of an adequate amount of insulin, hypoglycemic coma occurs and is followed by 
convulsions, which usually result in death unless dextrose is injected immediately, 
We have, however, observed occasionally a somewhat different course, which is 


Tsec 


7 


Fig. 4.—Effect of electric shock on the electroencephalogram of a adrenodemedullated rat in 
hypoglemic coma. Five units of insulin per kilogram of body weight was injected. 


Record 1.—Coma, one hour after injection of Record 5.—Ten minutes after shock. 
insulin; blood sugar 32 mg. per hundred cubic cen Record 6.—Eighteen minutes after shock. 
timeters Record 7.—Twenty-six minutes after shock; blood 
Record 3.—Two minutes after shock sugar 30 mg. per hundred cubic centimeters. 


Record 4.—Five minutes after shock 

In this experiment remarkable recovery of the electroencephalogram and the behavior 
occurred, in spite of continued coma levels of the blood sugar. The blood sugar levels were 
determined according to the method of Shaffer and Hartman. 


interesting in view of the recovery obtained with electrically induced convulsions. 
An example of this reaction is presented in figure 5, in which is shown the effect 
on the electroencephalogram not only of the gradual development of hypoglycemia 
but of the convulsions which followed the coma. Record 9 shows that imme- 
diately after the period of convulsions, which lasted about four minutes, the 
electroencephalogram was almost normal. During this time the animal was quiet 
and showed some clinical recovery. Thereafter the convulsions reappeared; the 
9. This type was regularly observed by us in rats subjected to a low oxygen tension by 
lowering of the barometric pressure to 200 mm. of mercury. 

10. Bremer, F.: Cerveau “isolé” et physiologie du sommeil, Compt. rend. Soc. de_ biol. 
118:1235-1241, 1935: Quelques proriétés de l’activité électrique du cortex cérébral “isolé,” 


( 
ibid. 118:1241-1244, 1935. 
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alpha potentials were greatly reduced in size; slow waves and spikes appeared, 
and, finally, the electrical activity disappeared almost completely. The animal 
died shortly afterward. This experiment shows that insulin convulsions may, to 
a certain extent, temporarily induce recovery, although the effect was never as 
distinct and lasting as that in hypoglycemic rats subjected to convulsions induced 
by electric shock. 


Tsec’ 


7 


10 


Fig. 5.—Effect of spontaneous convulsions on the electroencephalogram of an adrenode- 
medullated rat. 


Record 1.—Control; blood sugar 110 mg. per hun- 53 mg. per hundred cubic centimeters. 
dred cubic centimeters. Record 5.—2: 37 p.m.: Deep coma. 
1:17 p.m.: Subcutaneous injection of 2 units Record 6.—2: 38 p.m.: Some convulsive jerks. 
of insulin per kilogram of body weight. Record 7.—2: 42 p.m.: Intermittent clonic con- 
Record 2.—2 p.m.: Blood sugar 82 mg. per hun- vulsions. 
dred cubic centimeters. Record 8.—2: 42 p.m.: Tonic convulsions. 
Record 3.—2:19 p.m.: Animal insensitive to Record 9.—2: 43 p.m.: No convulsions; electro- 
pain: no righting reflex; blood sugar 52 mg. per encephalogram nearly normal. 
hundred cubic centimeters. Record 10.—2:50 p.m.: Further convulsions. 


Record 4.—2: 31 p.m.: Deep coma; blood sugar Record 11 2: 55 p.m.: Animal died 


AN 
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The question arises as to the means by which cortical function may be restored 
by electrically induced convulsions in spite of the fact that hypoglycemia remains 
unchanged. Two fundamental possibilities must be considered. It may be assumed 
that electrically induced convulsions may set up impulses in the central nervous 
system which greatly alter the excitability of the cortex and the rest of the brain. 
Or, electric shock may act on sympathetic centers in the hypothalamus and the 
medulla and thus improve circulatory conditions in the brain. It 1s conceivable 
that in either case considerable improvement in cortical function may occur in 
spite of the persistence of low blood sugar levels which prior to the electric shock 
regularly produced coma. Since previous experiments have shown that electric 
shock, as well as hypoglycemia, alters the excitability of the autonomic centers ™ 
and increases the concentration of epinephrine in the blood, it may be thought 
that the centers involved in this reaction may stimulate the cortex and restore its 
excitability. 


That afferent stimuli may alter cortical activity in hypoglycemic coma was 
shown by Moruzzi.'* He demonstrated that even after spontaneous cortical activ- 
ity had disappeared during hypoglycemia potentials could be evoked by afferent 
stimuli. It is unlikely, however, that stimuli of this type could ever be potent 
enough to restore normal cortical potentials for many minutes in spite of con- 
tinued hypoglycemia. It seems more likely, therefore, that the restoration of 
cortical function is associated with improvement in the utilization of oxygen by 
the brain in spite of persistent hypoglycemia. 

Since the experiments were performed in the presence of relatively large quan- 
tities of insulin in the blood and since it has been shown that the utilization of 
oxygen is directly related to both the blood sugar level and the amount of insulin 
circulating in the blood,’* it may be assumed that in insulin hypoglycemia optimal 
conditions exist for the utilization of the small amounts of dextrose which are 
available at the coma-producing blood sugar level. It is unlikely, therefore, that 
stimulation of the sympathetic system would further improve the utilization of 
dextrose. A discussion of the possible role of epinephrine may be omitted since 
the experiments were performed on adrenodemedullated animals. Inasmuch as 
the dextrose uptake of the brain, other conditions being equal, depends on the 
amount of blood flowing through the brain per unit of time, the possibility must 
now be considered that the blood flow through the brain is increased after electric 
shock. Although actual determinations of the influence of electric shock on the 
blood flow in hypoglycemic rats could not be made, studies on the pulse rate under 
these conditions reveal a striking, and as we believe significant, change in sympa- 
thetic excitability, which is bound to affect the excitability of the brain. 

A series of experiments were performed on normal, adrenodemedullated and 
adrenalectomized rats, to determine the effect of electric shock on the pulse rate. 
:lectrocardiographic records were obtained by the same amplifier which was used 
for the recording of the electroencephalograms. The effects were similar in all 


11. For full discussion of the literature, see Gellhorn, E.: Autonomic Regulations: Their 
Significance for Physiology, Psychology and Neuro-Psychiatry, New York, Interscience Pub- 
lishers, Inc., 1943. 

12. Moruzzi, G.: Etude de l’activité électrique de l’écorce cérébrale dans l’hypoglycémie 
insulinique et dans differentes conditions modifiant le metabolism des centres, Arch. internat. 
de physiol. 48:45-101, 1939. 

13. Evans, C. L.; Grande, F., and Hsu, F. Y.: The Glucose and Lactate Consumption of the 
Dog’s Heart, Quart. J. Exper. Physiol. 24:347-363, 1935. Soskin, S., and Levine, R.: A Rela- 
tionship Between the Blood Sugar Level and the Rate of Sugar Utilization, Affecting the 
Theories of Diabetes, Am. J. Physiol. 120:761-770, 1937. 
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three groups and consisted of a rapid fall in pulse rate for one or two minutes, 
after which the pulse frequency was gradually restored to the original level or 
toa rate slightly below it. The practical identity of the results obtained on normal 
and on adrenodemedullated rats indicates clearly that the secretion of epinephrine 
is not a factor in the alteration of the pulse rate under our experimental conditions. 

Experiments were then performed in which the effect of electric shock on the 
pulse rate was observed in rats in hypoglycemic coma. The results, which are 
seen in figure 6, show that whereas the pulse rate decreases temporarily as a 
result of electric shock in normal rats, it increases in hypoglycemic animals sub- 
jected to electric shock. It is worthy of note that although hypoglycemic rats 
show a decreased frequency of the heart as compared with the frequency at a 
normal blood sugar level, the heart rate of such animals after electric shock is 
distinctly above the minimum seen in normal rats. The failure of hypoglycemic 
rats to respond to electric shock with a fall in heart rate is therefore due not 
to an already maximal excitation of the vagus nerve but to a change in autonomic 
balance and a decided increase in sympathetic excitability, which is present even 
at the late stage of hypoglycemia, at which apparently parasympathetic discharges 


| 


Beats per min 


1234567 8 ll 1213 1415 
Min. after shock 
Fig. 6.—Effect of electric shock on the pulse rate of adrencdemedullated rats both with 
the blood sugar at a normal level and during insulin coma. Each graph is the average 
results obtained on 6 rats. The solid line indicates values for adrenodemedullated rats with 
normal blood sugar levels; the broken line, the values for adrenodemedullated rats in insulin 
coma. 


hecome prominent. The increased sympathetic excitability is also apparent from 
the fact that the pulse rate of hypoglycemic animals after electric shock rises even 
above the normal pulse rate of untreated animals. 

It is obvious that the considerable increase in pulse rate which persists for 
some time after the administration of electric shock to hypoglycemic animals must 
be an important factor in the increase of the rate at which the bloc nd flows through 
the brain. This reaction, possibly in conjunction with other sympathetic responses 
(rise in blood pressure through vasoconstriction), appears to be the main cause 
of the recovery of cerebral function in hypoglycemic animals subjected to electric 
shock. 

COM MENT 

It was pointed out in 1938 by one of us (E. G.) ** that the feature common 
to the various forms of “shock therapy” is their excitation of the sympathetic 
centers. This effect appears to be of significance, since schizophrenic patients 
show a diminished response to stimuli involving reactions of the sympathetic cen- 
ters and exhibit improvement in this response when the treatment results in definite 
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benefit.'' In the light of these observations and interpretations, it is of interest 
to point out that a combination of electric shock and insulin coma produces greatly 
increased excitation of sympathetic centers and, according to some authors," gives 
better therapeutic results. The fact demonstrated in these experiments. that 
electric shock combats insulin coma effectively, even in adrenodemedullated rats. 
in which the blood sugar level is not raised, has been interpreted to mean that 
cerebral circulation is improved after electric shock. In support of this interpre- 
tation is our experimental observation that electric shock increases the pulse rate 
(and possibility the blood pressure) when applied to adrenodemedullated animals 
with hypoglycemia, although it slows the heart rate when applied to rats with a 
normal blood sugar. 

It is further worthy of note that rats kept in insulin coma for one hour fail 
to recover after administration of an adequate amount of dextrose, although the 
blood sugar rises. On the other hand, rats may be kept at the same coma level 
for the same period without harm provided that they are “treated” with electric 
shock. Not only do these animals show temporary recovery after electric shock, 
but they present no signs of permanent impairment. 

It was mentioned earlier that the occurrence of spontaneous convulsions during 
hypoglycemia leads, in some instances, to temporary improvement of cerebral 
functions. Apparently, sympathetic discharges elicited during spontaneous con- 
vulsions improve the circulation in the brain for a short time. 

Our investigations throw a new light on the effect of anoxia when induced 
during insulin hypoglycemia. McQuarrie and collaborators ‘* observed in_ the 
dog, and Gellhorn, Packer and Feldman '° confirmed for the rabbit, that injection 
of convulsant doses of insulin failed to induce either coma or convulsions when 
the animal was subjected to a prolonged period of anoxia, although the blood sugar 
level was even lower than that in control animals given injections of insulin alone. 
The failure of the blood sugar to rise in response to anoxia was adequately 
explained by the observation that epinephrine loses its glycogenolytic effect on the 
liver after prolonged anoxia.’* It was not explained, however, why under the 
combined influence of anoxia and hypoglycemia the animals remained normal 
although the blood sugar was at a coma level. 

Since it has been shown in the present paper that hypoglycemic coma may be 
terminated, without alteration of the blood sugar level, by a procedure (electric 
shock) which, through excitation of the sympathetic nervous system, improves the 
circulation in the brain, it is of interest to inquire whether this mechanism may 
not be responsible for the absence of hypoglycemic symptoms in animals subjected 
to insulin hypoglycemia and prolonged anoxia. This explanation seems, indeed, 
to be valid, since the pressor effect induced by anoxia increases with the fall 
blood sugar (Gellhorn, Ingraham and Moldavsky ?). We have evidence, there- 
fore, that anoxia, as well as electric shock, causes increased sympathetic discharges 
during hypoglycemia, which will improve the circulation in the brain through 
increasing the systemic blood pressure. In experiments in which animals are 
14. Jessner, L., and Ryan, V. G.: Shock Treatment in Psychiatry, New York, Grune & 
Stratton, Inc., 1941. 

McQuarrie, I.; Ziegler, M. R.; Stone, W. E.; Wangensteen, O. H., and Dennis, C.: 
Mechanism of Insulin Convulsions: III. Effects of Varying Partial Pressures of Atmospheric 
Gases After Adrenalectomy, Proc. Soc. Exper. Biol. & Med. 42:513-514, 1939. 

16. Gellhorn, E.; Packer, A., and Feldman, J.: Studies on Hypoglycemic and Anoxic 
Convulsions, Am. J. Physiol. 180:261-267, 1940. 
17. Gellhorn, E., and Packer, \.: Studies on Hypoglycemia and Anoxia, Am. J. Physiol. 


129:610-617, 1940. 


sul 
sel 
of 


acl 
pr 


dis 
br 


tO 
th 
af 
th 
be 
p 
ti 
a 
| 
d 
I 
( 
( 


GELLHORN-KESSLER--SHOCK AND HYPOGLYCEMIA 819 


subjected to insulin hypoglycemia and prolonged anoxia, the greatly increased 
sensitivity of the vasomotor center to anoxia effectively counteracts the influence 
of hypoglycemia, while in the experiments described in this paper the hypoglycemic 
action seems to be offset by electric shock through the rise in pulse rate, which is 
probably attended by similar changes in cardiac output and blood pressure. 

It may, therefore, be said that under the influence of increased sympathetic 
discharges, elicited either by anoxia or by electric shock, the functions of the 
brain may remain normal in spite of coma-producing levels of the blood sugar. 


SUMMARY 


Electric shock (40 volts and 30 milliamperes) applied for one or two seconds 
to unanesthetized rats causes tonic-clonic convulsions, followed by a period of 
“catatonia” and gradual recovery. After the potentials associated with convulsions 
the electroencephalogram shows a period of silence. Thereafter delta potentials 
appear, while alpha potentials either are reduced in size or are absent. Gradually 
the alpha potentials recover and the delta potentials disappear. 

Hypoglycemia induced by the injection of 5 units of insulin per kilogram of 
body weight leads to coma and typical changes in the electroencephalogram (delta 
potentials and reduction or absence of alpha potentials). Animals not given injec- 
tions of dextrose die in coma or convulsions. If hypoglycemia is maintained by 
administration of small amounts of dextrose, the duration of the coma may be 
prolonged, but the animals fail to recover on the injection of adequate amounts of 
dextrose in spite of hyperglycemia. 

After electric shock has been applied to adrenodemedullated rats in a hypo- 
glycemic state, a surprising recovery is observed. ‘The coma disappears; the ani- 
mals show normal behavior, and the electroencephalogram returns to normal in spite 
of the fact that the blood sugar remains unchanged at its coma level. These results, 
suggesting inereased utilization of dextrose, appear to be due to an increased blood 
flow through the brain. ‘This interpretation is supported by the fact that the pulse 
rate is increased by electric shock in the hypoglycemic animal, whereas it is 
decreased in the normal animal. ‘The experiments give additional proof of the 
greatly increased excitability of the sympathetic centers in hypoglycemia. 

The theoretic and practical consequences of these observations are discussed. 


1853 West Polk Street 
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STUDIES ON THE CORPUS CALLOSUM 


IX. RELATIONSHIP OF THE GRASP REFLEX TO SECTION OF 
THE CORPUS CALLOSUM 


ANDREW J. AKELAITIS, M.D. 


WILFORD A. RISTEEN, M.D. 
AND 
WILLIAM P. VAN WAGENEN, M.D. 


ROCHESTER, N. Y. 


The grasp reflex is a flexor response of the digits to stimulation of the palm or 
to stretching of the flexor tendons of the hand. It occurs normally in infants and 
pathologically in adults with lesions of the frontal lobe predominantly. Schuster 
and Casper * attempted to explain this phenomenon as an absence or interruption 
of the inhibitory pathway which normally suppresses reflex grasping. This 
hypothetic pathway is bilateral in its origin and arises from the medial surface 
of the superior frontal convolution and the gyrus cinguli. The fibers pass back- 
ward to the level of the central area, some passing directly to the prerolandic 
area of the homolateral hemisphere and others crossing in the corpus callosum to 
terminate in the central area of the opposite side. Schuster and Casper! and 
Schuster and Pinéas * reported the occurrence of forced grasping in patients with 
large tumors of the corpus callosum. Wilson * spoke of the occasional appearance 
of forced innervation in cases of callosal lesions. Richter and Hines * and Kennard 
and Watts ® were unable to find forced grasping or groping after section of the 
corpus callosum in monkeys. 

The present paper is concerned with the study of 30 cases of epilepsy in which 
the corpus callosum was partially or completely sectioned.® In 5 of these severe 
hemiplegia was present and the cases could not be used in this study. In 22 of the 
remaining 25 cases the grasp reflex was absent after operation. The 3 cases in 
which a transient unilateral grasp reflex was present after operation are reported 
in detail. 


This study was aided by grants furnished by the Ernest L. Woodward Fund and _ the 
John and Mary R. Markle Foundation. 

From the Department of Medicine, Division of Psychiatry (Dr. Akelaitis), and the Depart- 
ment of Surgery, Division of Neurosurgery (Drs. Risteen and Van Wagenen), University of 
Rochester School of Medicine and Dentistry, and the Clinics of the Strong Memorial and 
Rochester Municipal Hospitals. 

1. Schuster, P., and Casper, J.: Zwangsgreifen und Stirnhirn, Ztschr. f. d 
u. Psychiat. 129:739, 1930. 

2. Schuster, P., and Pinéas, H.: Weitere Beobachtungen tiber Zwangsgreifen und Nach- 
greifen und deren Beziehungen zu ahnlichen Bewegungsst6rungen, Deutsche Ztschr. f. Nervenh. 


91:16, 1926. 


. ges. Neurol. 


3. Wilson, S. A. K.: A Contribution to the Study of Apraxia, with a Review of the 
Literature, Brain 31:164, 1908. 
4. Richter, C. P., and Hines, M.: The Production of the “Grasp Reflex” in Adult 


Macaques by Experimental Frontal Lobe Lesions, A. Research Nerv. & Ment. Dis., Proc. 
(1932) 13:211, 1934, 

5. Kennard, M. A., and Watts, J. W.: The Effect of Section of the Corpus Callosum 
on the Motor Performance of Monkeys, J. Nerv. & Ment. Dis. 79:159, 1934. 

6. Van Wagenen, W. P., and Herren, R. Y.: Surgical Division of Commissural Pathways 
in the Corpus Callosum: Relation to Spread of an Epileptic Attack, Arch. Neurol. & Psychiat. 
44:740 (Oct.) 1940. 
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REPORT OF CASES? 


CasE 1 (case 158).—E. H., a stock clerk, married, aged 51, was admitted to the Strong 
Memorial Hospital on March 26, 1940. For the past four years he had been subject periodically 
to grand mal seizures, which usually occurred in series (status epilepticus). One week before 
admission he began to have seizures and at the time of admission was having an attack every 
fifteen minutes. Each seizure began with a cry, adversive movements to the left, with the 
eyes in left conjugate deviation, and tonic movements of the left arm, followed by general- 
ized muscular twitchings. The seizure lasted usually about three minutes, and in the intervals 
he was paraphasic and confused. The attacks ceased the next day, but paraphasia continued 
until March 30. He remained confused and showed psychobiologically a reaction typical of a 
patient with diffuse organic disease of the brain, that is, disturbances in the sensorium, mental 
capacity and intellect. The physical and neurologic status was normal on April 2. He was 
right eyed, right handed and right footed. 

Ventriculograms taken in 1937 and on March 28, 1940 revealed nothing abnormal. 

Operation.—On April 6 the corpus callosum was sectioned completely except possibly for 
a few fibers in the tip of the splenium. <A large vein entering the longitudinal sinus from 
the right frontal lobe was ligated. The cortex showed considerable atrophy, especially toward 
the frontal pole. Microscopic study of a piece (1 cm. in diameter) of cortex from area 9 of 
Brodmann on the right side disclosed diffuse loss of nerve cells throughout the third, fifth 
and sixth layers, and with Cajal’s silver stain numerous argentophilic bodies were evident 
within nerve cells and lying free in the parenchyma. No senile plaques were visible in 
Braunmuhl preparations. These changes were suggestive of Pick’s atrophy. 

Postoperative Course—The postoperative course was stormy and complicated. For the 
first two days the patient was semicomatose, and on the fourth postoperative day the left 
hand grip was very weak and the left leg limp. During the first week he rarely moved the 
left side of his body. Although the tendon reflexes were active and equal bilaterally, plantar 
stimulation resulted in a dorsal extensor response of the left big toe. Sensory studies were 
unsatisfactory because of the patient’s apprehensiveness and confusion, but it was evident after 
repeated examinations that hyperesthesia prevailed over the left side. 

Ten days after operation the neurologic status was normal except for astereognosis and an 
ideokinetic type of dyspraxia in the left hand. Definite forced innervation and occasional 
groping were observed in the left hand. The patient was unable to write with a pencil 
placed in his left hand. When he was requested to transfer the pencil from the left hand 
to the right, he grasped the pencil with the right hand but could not take it out of his 
tightly clenched left fist. Finally, he succeeded in pulling the pencil out but proceeded to 
make repeated groping movements with the left hand. When he was asked to transfer the 
pencil from the right hand to the left, no evidence of forced innervation in the right hand 
occurred. When he was asked to squeeze hands, the pressure in the left hand seemed episodic, 
but he released the grip when told to do so. Asked to make a fist with the left hand, he was 
unable to do so, even though he imitatively clenched his right hand repeatedly. If the right 
hand was not restrained, he invariably placed his right forefinger against the palm of the left 
hand, and the fingers closed adequately to form a fist. He had no difficulty in removing the 
forefinger, and no forced innervation was observed when the examiner’s fingers were used as 
a stimulus. However, if a pencil or other inanimate object was employed as a stimulus, forced 
innervation became evident, and the more one attempted to pull the object out, the greater the 
grasp became. Stroking the surface of the dorsum of the hand simultaneously with the palmar 
stimulation or after the grasping had occurred had no effect on the grasp. The only successful 
method of retrieving the grasped object was to distract the patient’s attention by conversation 
or the performance of some task with his right hand. He easily acquired a “catastrophe 
reaction,’ 9 and when he was fatigued he was apt to become confused. Later in the morning 
he showed no difficulty whatever in eating bread from his left hand. The forced innervation 
and occasional groping movements in the left hand were present sporadically for the following 
ten days, associated with astereognosis and tactile alexia. The former was invariably precipitated 
or aggravated by confusion and fatigue. 

7. These cases have been reported in greater detail in a previous paper.s The case 
number in parentheses will identify the case. 

8. Akelaitis, A. J.; Risteen, W. A.; Herren, R. Y., and Van Wagenen, W. P.: Studies 
on the Corpus Callosum: III. A Contribution to the Study of Dyspraxia and Apraxia Follow- 
ing Partial and Complete Section of the Corpus Callosum, Arch. Neurol. & Psychiat. 47:971 
(June) 1942. 

9. A term employed by Goldstein (Goldstein, K.: The Organism, New York, American 
Book Company, 1939) to denote the disordered responses in subjects undergoing study. 
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Beginning on April 30 and continuing for three days, numerous right-sided seizures occurred, 
which left him with right hemiplegia and aphasia. At this time no forced innervation or 
groping was noted in the left hand, and he was able to eat with this hand fairly well. The 
aphasia and hemiplegia cleared in one week, and a slight tendency to hold on to objects with 
the right hand was observed; the left hand showed no. forced innervation. He left the hospital 
on May 9. When he was seen in August 1940, the neurologic status was normal except for 
dysdiadokokinesis in the left hand when the hands were tested simultaneously and questionable 
hypesthesia (tactile and vibration senses) over the right lower extremity. The psychiatric 
status showed disturbances in calculation and defects in recent memory and immediate retention, 
These defects were no more pronounced than before operation. 


Case 2 (case 165).—C. S., a 15 year old girl of borderline intelligence, was admitted to 


the Strong Memorial Hospital on Jan. 4, 1940. Left hemiplegia developed during an attack 
of “encephalitis” at the age of 15 months. As a result of physical therapy and reeducation 
she was able to knit and sew fairly well, but had never succeeded at typing or piano playing 
because of the awkwardness in the left hand. Petit mal seizures began at the age of 5 years, 
and grand mal seizures had been present since the age of 11 vears. The physical status was 
good. Neurologic examination disclosed residual left hemiplegia, with some atrophy, slight 
spasticity, an infrequent Babinski response and occasional athetoid movements on the left 
side. Careful sensory studies revealed a normal status. The Binet level was 12 years and 
4 months (intelligence quotient 81). Laterality studies revealed left ocular dominance, right 
handedness and right footedness. 


Operation.—On January 22 a right frontoparietal craniotomy was performed, and the corpus 


callosum was completely sectioned. The cortex of the right hemisphere showed a moderate 
degree of atrophy. 


e 


Course—For the first four days the left side was immobile and the hand grip weak, 
the patient complained of numbness and hypesthesia to all modalities was evident on the left 
side. On the fifth postoperative day a striking grasp reflex appeared in the left hand when 
the examiner attempted to raise her by the hands. However, stroking of the palm with the 
finger or pencil produced no grasping, but tension on the flexor tendons invariably did. She 
showed difficulty in touching her nose or scratching the back of her neck with the left hand 
on request but did so without any effort when these areas were tickled. She showed awkward- 
ness in any requested movement with her left hand, and definite ideokinetic dyspraxia in 
this hand was noted. Sensory studies revealed disturbances of all modalities over the left 
side. Nine days after operation forced innervation was marked in the left hand; frequently, 
when she tried to release her grasp she gripped the examiner’s hand with greater intensity. 
Usually she loosened her grip when distracted. However, stretching of the flexor tendons of 
the left hand did not result in grasping. It was frequently observed that she fingered the call 
string easily and showed no tendency to forced innervation in this activity. This forced inner- 
vation, along with sensory disturbances, continued to exist until her discharge, on March 4, 
1940. However, she could use a fork in her left hand while eating and manipulated the 
wheel chair with both hands without difficulty. 

When she was seen in August 1940 (seven months after operation) no forced innervation 
was evident, and she could write with her left hand. Sensory disturbances prevailed in the 
left arm but were less pronounced than during her early postoperative stay in the hospital. 


Case 3 (case 148).—M. L. P., a 10 year old white girl, was admitted to the Strong 
Memorial Hospital on March 12, 1940. Psychobiologic development was normal up to the age of 
3 years, when she was struck over the left parietal region by a falling object. Two weeks 
later status epilepticus developed, and on her awakening, aphasia, right hemiplegia and external 
strabismus were observed. The strabismus improved, and she talked again after two months. 
The hemiplegia improved, and on admission she exhibited a slightly spastic gait and some 
clumsiness in her right hand. Six months before admission she began to have petit mal attacks. 

The physical status was good. Neurologic examination revealed defective vision in the 
left eye (3/60), right homonymous hemiamblyopia, left external strabismus and residua of 
right hemiplegia, with increased motor tonus, exaggerated deep reflexes and a positive Babinski 
sign on the right side. The sensory status, including two point discrimination and stereognosis, 
was normal. She performed various tasks surprisingly well with her right hand but could 
not shuffle playing cards. Laterality studies disclosed right ocular dominance, left handedness 
and left footedness. 

Laboratory Studies—An encephalogram disclosed hydrocephalus of the left lateral ventricle 
and shifting of all ventricular structures to the left. Electroencephalograms showed 6 per 
second delta waves, with an amplitude of 15 to 20 microvolts, over the left parietal region 
and occasional delta waves, with an amplitude of less than 10 microvolts, from the right frontal 
and temporocentral regions. 
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Operation—On March 29, 1940 a right frontoparietal craniotomy was performed and the 
corpus callosum sectioned almost completely except for the posterior 0.5 cm. The left fornix 
was divided. 

Course—On the patient’s awakening from the anesthesia bilateral grasp reflexes were 
observed. The following day (March 30) motor strength was good bilaterally, and a grasp 
reflex was elicited only in the right hand. She tended to hold onto the examiner’s hand or 
an inanimate object with her right hand. When she was asked to squeeze hands, the pressure 
in the right hand was episodic, and when she was asked to release her grip, not infrequently 
she would continue to squeeze with greater force. Stroking of the dorsal tendons had no 
effect on the degree of forced innervation. Generally distraction of the patient’s attention 
resulted in immediate relaxation of the right hand grip. Stretching of the flexor tendons did 
not result in grasping. This forced innervation in the right hand was present irregularly 
for one month after operation. On April 4 she wrote with either hand, but perseveration 
was observed in the left hand. Perseveration continued irregularly in her conversation and in 
the performance of tasks for one month after operation. Throughout this period she handled 
a fork in her right hand as efficiently as before operation and manipulated her wheel chair 
successfully. In spontaneous tasks forced innervation never seemed to be evident in the right 
hand. 

One month after operation and at the last examination (Oct. 7, 1941) no evidence of forced 
innervation in the right hand was elicited. Astereognosis has continued to exist in the right 
hand, even though two point discrimination and interpretation of skin writing remain intact. 


COM MENT 


The common aspects of all 3 cases should be discussed first. In each case 
evidence of cerebral damage was present before operation. In case 1 clinical and 
anatomic changes were suggestive of Pick’s atrophy. In case 2 there was a 
history of encephalitis at the age of 15 months, with the development of left 
hemiplegia. Clinically the patient presented signs of residual hemiplegia, and at 
operation the cortex of the right hemisphere showed a moderate degree of atrophy. 
In case 3 right hemiplegia developed after status epilepticus and a head injury at 
the age of 3 years, and at the time of admission clinical and laboratory evidence 
pointed to a moderately extensive lesion of the left hemisphere. The interesting 
feature in cases 2 and 3 was the predominant involvement of the anterior portion 
of the hemisphere unilaterally. In 2 cases reported elsewhere (cases 1 and 2 '°) 
evidence of unilateral damage to the posterior portion of the hemisphere was 
presented, but a grasp reflex did not follow complete section of the corpus callosum. 
In case 1 in the present study the atrophy was apparently diffuse and progressive 
and presumably involved both hemispheres. At operation, so far as the field 
of operation allowed visual inspection, the atrophy was most evident toward 
the frontal pole. From this discussion it is evident that the limb contralateral to the 
damaged hemisphere showed no grasping reflex or forced innervation at the time 
of operation, the response having been suppressed by the inhibitory pathway in 
the corpus callosum arising from the opposite, or intact, hemisphere. After 
complete section of the corpus callosum, as in case 2, or almost complete section, 
as in cases 1 and 3, this inhibitory pathway was destroyed and the reflex grasping 
released. These observations tend to substantiate the hypothesis of Schuster and 
Casper." 

The possibility of added damage at operation to an already impaired hemisphere 
must next be considered. In cases 1 and 2 the craniotomy was performed contra- 
lateral to the extremity which showed the grasp reflex. The early postoperative 
clinical findings further suggested that added injury may have occurred. For 
example, in case 1 there were evidence of hyperesthesia and a positive Babinski 


10. Akelaitis, A. J.: Studies on the Corpus Callosum: V. Homonymous Hemiamblyopia 
(Homonymous Defects for Color, Object and Letter Recognition) Before and After Section 
of the Corpus Callosum, Arch. Neurol. & Psychiat. 48:108 (July) 1942 
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sign on the left side, which were temporary, and in case 2 sensory changes, consist- 
ing of hypesthesias and paresthesias in the left arm, were associated with increased 
motor paresis. These signs strongly suggest the presence of added damage to 
the right hemisphere in both cases. In 3 cases reported elsewhere (cases 11, 12 
and 13°) in which clinical and/or anatomic evidence of operative damage to 
the anterior portion of the hemisphere was present, paresis and a kinetic type 
of dyspraxia occurred, but no grasping reflex was ever noted in the contralateral 
limb. Of course, this comparison is of questionable value, in view of the fact that 
in the 2 cases here reported the injury may have been slighter or may have 
involved different cortical areas. However, in case 3 of the present series, in 
which a right craniotomy was performed, the grasp reflex occurred in the homo- 
lateral (right) hand, and not in the left, after operation. It is probable that the 
appearance of the grasp reflex in the subordinate hand in all 3 cases resulted 
primarily from the section of the corpus callosum. These observations are contra- 
cictory to the experimental results of Kennard and Watts,® who not only did not 
find forced grasping when the corpus callosum was sectioned in the intact macaque, 
but showed that in a unilateral or bilateral premotor preparation in which forced 
grasping had disappeared, section of the corpus callosum did not cause the symptom 
to return. 

The difficulty in the relaxation of contracted muscles was accompanied by 
cyspraxic manifestations in each case. In cases 1 and 2 an ideokinetic type of dys- 
praxia prevailed, whereas in case 3 the dyspraxia was kinetic. In all 3 cases 
difficulty was experienced in opening the clenched fist when it was empty. Wilson 
and Walshe?! and Walshe and Robertson ™ stressed this point, in the belief that 
the factor of apraxia is of utmost importance in this phenomenon. In case 1 a 
peculiar differentiation was observed. The patient would continue to hold on to 
any inanimate object placed in his left hand when he was requested to loosen his 
grasp on it, and any effort to pull it out forcibly resulted in increased clenching. 
Yet he had no difficulty in releasing his grip when the examiner’s finger was placed 
in the left palm, and even learned to make a fist with his left hand by using his 
right index finger as a palmar stimulus. This phenomenon surely suggests a higher 
type of reaction than would occur in purely reflex behavior. In cases 2 and 3 no 
such differentiation in reactions occurred. 

In all 3 cases there was profound difficulty in making a fist voluntarliy. In 
cases 1 and 2 the patient made repeated fists with the normal hand, looking from 
the intact hand to the dyspraxic hand and expressing perplexity and irritation over 
the inability to do with the left hand what could be done so easily with the right. 
In all probability this disturbance was a manifestation of dyspraxia. 

A third interesting point in the behavior of the three patients was that in 
ordinary, more or less spontaneous acts, such as eating or manipulating the wheel 
chair, no forced innervation occurred in the “defective” hand so as to interfere 
with these activities. This behavior further suggests the presence of dyspraxia. 
Attention probably plays a definite, but variable, role in this phenomenon, as 
stressed by several workers, especially Wilson and Walshe"! and Schlesinger.’ 
Schlesinger mentioned Fulton’s observations that forced grasping disappeared in 
some of his animals at feeding time. 


11. Wilson, S. A. K., and Walshe, F. M. R.: The Phenomenon of “Tonic Innervation” 
and Its Relation to Motor Apraxia, Brain 37:199, 1914. 

12. Walshe, F. M. R., and Robertson, E. G.: Observations upon the Form and Nature 
of the “Grasping” Movements and “Tonic Innervation” Seen in Certain Cases of Lesion of 
the Frontal Lobe, Brain 56:40, 1933. 

13. Schlesinger, B.: Forced Grasping and Disturbances of Attention, J. Ment. Sc. 86:827, 
1940. 
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SUMMARY 

In 22 cases of epilepsy in which the frontal lobes were relatively intact, partial 
and complete section of the corpus callosum did not result in forced innervation or 
forced grasping. 

In 3 cases of chronic unilateral lesions involving the anterior portion of the 
hemisphere, partial or complete section of the corpus callosum resulted in the 
temporary appearance of forced grasping in the contralateral hand. This was 
associated with an ideokinetic dyspraxia in 2 cases and with exaggeration of a 
preoperative kinetic dyspraxia in the third case. 


CONCLUSIONS 
In the presence of a chronic lesion involving the frontal lobe, grasping move- 
ments can be temporarily released in the contralateral hand after section of the 
corpus callosum. 
There may be a close relation between forced grasping and dyspraxia. 


260 Crittenden Boulevard. 
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EXPERIMENTAL SWELLING OF THE BRAIN 


S. OBRADOR 
AND 
J. PI-SUNER 


MEXICO, MEXICO 


The occurrence of local swelling or edema of the cerebral cortex following a 
lesion is well known. Aside from this localized disturbance, generalized swelling 
of the brain is occasionally observed in the course of some neurosurgical procedure, 
such as operation on the pituitary region, and may also be produced experimentally 
by lesions of the midbrain (Le Beau and Bonvallet’). We have studied this type 
of experimental swelling of the brain following lesions of the floor of the fourth 
ventricle and the medulla. 

METHOD 

Sixty-six adult dogs were used in this series. All the experiments were carried out with 
the animals under anesthesia induced with soluble pentobarbital U. S. P. To observe the 
volume of the brain one or two trephine windows (1 to 1.5 cm. in diameter) were made in 
the parietal region, and the dura was opened. Craniotomy was made in the region of the 
posterior fossa to expose the cerebellum, the fourth ventricle and the medulla. In some 
experiments the cerebellum was completely removed in order to uncover the region of the 
fourth ventricle. Compression or lesions at different levels of the fourth ventricle and 
medulla were made. In addition to observations on the brain volume, made through the 
cranial windows, records of the blood pressure and respiration were taken. 

To study the cerebral circulation, samples of arterial and cerebral venous blood were 
taken simultaneously from the femoral artery and the external jugular vein respectively, 
and their oxygen contents were determined by the Van Slyke method. 

The water content of the cerebral tissue was determined by drying small samples of gray 
and white matter for several days in an oven at 60 C. until a constant weight was obtained. 
Separation of the gray and the white matter was carried out immediately after removal of 
the brain. 


\ll the experiments were acute and lasted only one to three hours. 


RESULTS 

Vasomotor Responses and Cerebral Swellmg.—l\t is already well known that 
in the medulla and the fourth ventricle there are centers or mechanisms. that 
participate in the regulation of the level of the blood pressure and that through 
these regions run descending vasomotor pathways from higher centers. In a 
previous publication ? we reviewed the literature concerning the localization of vaso- 
motor responses in the region of the fourth ventricle. 

Compression, lesion or complete section of the floor of the fourth ventricle 
gives rise to vasomotor responses and usually to slowing down or complete 
cessation of respiration. The type of response varies with the level involved. 
Usually localized compression or section at the lower end of the floor of the 
fourth ventricle gives rise to a decided increase in blood pressure. Sometimes 
there appears the opposite effect, i. e., a fall in blood pressure; this is especially 


From the | aborate rio cle I studi Meédic \ Biologic Facult: d cle Medi ina de \Léxico. 


1. Le Beau, J., and Bonvallet, M.: Oedeme aigd du cerveau par lesion du trone cerebral, 
Compt. rend. Soc. de biol. 1273126, 1938. 
> Obrador, S., and Pi-Sufer, J.: Respuestas vasomotoras por excitacién mecanica del 
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frequent when the section is through the upper part of the floor of the fourth 
ventricle. In other cases the vasomotor responses are mixed, with an initial fall 
in blood pressure and a secondary rise. 

A lesion in the lower end of the floor of the fourth ventricle gives rise usually 
to swelling of the cerebral cortex. Sometimes the swelling appears quickly, and 
in a few seconds there is herniation of the cortex through the observation window. 
In other experiments the development is slower and less pronounced; there are on 
the whole great differences in the degree of presentation of the cerebral swelling. 


TasBLeE 1—Oxrygen Content of Arterial and Cerebral Venous Blood Before and After 
Lesions in the Floor of the Fourth Ventricle 


Oxygen Content, per Cent 


Experiment — Arteriovenous 
Number \rterial Blood Venous Blood Difference 

21.81 17.15 4.66 

After the lesion........ 19.33 0.77 

48 Before the lesion 18.91 17.12 1.79 
17.51 1.69 

After the lesion.. 19.16 18.00 1.10 

19.81 18.42 1.39 

19 Before the lesion.. 19.81] 16.74 3.07 
17.00 2 

After the lesion , 20.10 18.34 1.76 

) Is 71 16) 

5 Before the lesion ea 21.50 18.90 2.60 
19.10 > 70 

After the lesion wae 20.60 18.00 2.60 

Before the lesior 2.69 17.40 5.20 
) 17.90 4.40 

After the lesion 21.90 18.00 3.90 

40) 18.40 4.00 

Before the lesior 8.60 15.80 2.80 

6.00 () 

After the les ( 90 3.10 

6.20 20 

Before the lesic 69 an 

Oo 19.40 1.60 

\fter the lesio 0.8 8.59 

( 18.70 ( 

Before the lesic ) ( 
8 40 

\fter the les 4( 7.40 00 

1) 80 17.99 2.90 


The appearance of the swelling generally is simultaneous with the rise in blood 
pressure, and therefore lesions with a notable vasopressor effect are accompanied 
more often and regularly by the development of cerebral swelling. However, 
lesions of the fourth ventricle with a vasopressor effect do not always produce 
swelling, and sometimes several lesions are necessary for an increase in brain 
volume to become evident. 

Although the presentation of cerebral swelling is usually initiated by an increase 
in blood pressure, there is not afterward a correlation between the level of the 
blood pressure and the swelling of the brain. The effects of the lesion on the 


blood pressure are only temporary, and after several minutes the pressure returns 
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to its previous level or there is a gradual and steady fall. Generally the swelling 
of the brain, once it is established, persists for several hours, even if the blood 
pressure falls to a very low level. There is, therefore, persistent swelling of the 
brain completely independent of the level of the blood pressure. 

Cerebral Circulation and Vascular Factors—The sudden and rapid develop- 
ment of cerebral swelling following a lesion of the fourth ventricle and the usual 
simultaneous increase in blood pressure suggest a vascular origin. 

We took the arteriovenous difference in oxygen content of the blood as a 
measurement of the cerebral circulation. All the animals were placed under artifi- 
cial respiration from the beginning of the experiment to avoid possible changes in 
oxygen supply. Control samples of arterial and venous blood were taken at an 
interval of ten to fifteen minutes before the lesion was made. Then we made the 
lesion or section of the lower part of the fourth ventricle, which produced a vaso- 
pressor effect and cerebral swelling. The next samples of blood were taken about 
ten minutes after the lesion was made and as soon as the blood pressure had fallen 
to the original level, in order to avoid the secondary effects of the increase of 
blood pressure on the cerebral circulation. Ten or twenty minutes later the last 
samples of blood were taken. 

The results of these experiments appear in table 1. In the majority of the 
animals there was no great change in the arteriovenous difference in the oxygen 
content of the blood. In a few experiments there seemed to be a tendency to a 
diminution of such arteriovenous difference, indicating a possible increase in blood 
flow through the brain. However, marked swelling of the brain can appear with- 
out any pronounced change in the cerebral circulation, as shown by the method used. 

Cerebral swelling after lesions of the fourth ventricle can be produced in 
animals with ligature of both carotid arteries. Tying off of the carotid arteries 
does not influence appreciably established swelling of the brain. 

The vasopressor drugs, such as epinephrine and solution of posterior pituitary 
U.S. P., may increase temporarily the cerebral swelling by the effect on the blood 
pressure. The action of ergotamine tartrate was studied because this drug seems 
to have a vasoconstrictor action on the cerebral blood vessels (Schmidt and 
Hendrix *). The intravenous injection of small (0.25 mg.) and repeated doses 
did not produce any obvious change in the cerebral swelling. 

Water Content of Cerebral Tissue——We determined the fluid content of the 
brain tissue in animals with lesions of the fourth ventricle, in normal dogs under 
the same experimental conditions and in animals in which an increase in brain 
volume was obtained with intravenous injections of great quantities of distilled 
water (50 to 100 cc. per kilogram of body weight). The results are summarized 
in table 2. For the control animals, the average figure was 78.4 per cent for the 
gray matter and 66.9 per cent tor the white matter. The dogs with cerebral 
swelling due to a lesion of the fourth ventricle had an average water content of 
79.8 per cent for the gray matter and 68.8 per cent for the white matter, i.e. 
higher values than those for the normal animals. These figures are identical with the 
average values of 79.8 and 68.9 per cent for the gray and the white matter respec- 
tively of animals given intravenous injections of distilled water. It seems, there- 
fore, that there is a certain increase in the water content of the brain with swelling 

3. Schmidt, C. F., and Hendrix, J. P.: The Action of Chemical Substances on Cerebral 
Blood Vessels, A. Research Nerv. & Ment. Dis., Proc. (1937) 18:229, 1939. 
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produced by lesion of the fourth ventricle and that this increase is similar in degree 
to that observed after intravenous injection of large amounts of hypotonic solutions 
(distilled water ). 

Effect of Hypertonic Solutions on Cerebral Swelling—In 9 experiments we 
tried the effect of intravenous injections of hypertonic solutions of sodium chloride 
or dextrose. Such a solution decreased the swelling of the brain in 6 animals until 
it completely disappeared and the normal pulsatory movements of the brain were 
recovered. In some experiments, after removal of the swelling by a hypertonic 
solution, production of a new lesion brought back the swelling, which again was 
removed with another injection of a hypertonic solution. 

Histologic Study.—The brains of our dogs with acute swelling of the brain 
caused by a lesion of the fourth ventricle were studied histologically by Dr. Nieto. 
No changes in the nerve cells, nerve fibers, myelin sheaths, neuroglia or microglia 
were observed. The only constant alteration was dilatation of the perivascular 
spaces. The short duration of these experiments evidently did not allow the 
development of further morphologic changes. 


TasLeE 2.—IVater Content of the Gray and the White Matter of the Brain of Dogs Under 
Different Experimental Conattions 


Experiment Gray Matter White Matter : 

25 77.1 78.1 73 
26 S02 78.4 70.3 69.1 
27 79.6 78.8 66.4 67.0 | Cerebral swelling due to lesion of 
29 80.1 80.5 67.0 61.8 fourth ventricle in each experi 
37 80.5 80.3 70.9 mental animal 
57 81.4 81.3 69.6 69 6 
ds 78.5 78.7 67.2 7.4 J 
40 80.0 TI8 67.2 67.2 
465 79.4 79.7 68.2 68.4 
55 76.0 76.0 66.8 Control, without lesion 
61 78.2 78.2 64.7 66.1 
32 79.2 79.4 69.8 ; } 
33 0.4 80.2 70.8 70.8 Intravenous injection of dis 
56 77.2 80.1 67.8 63.2 tilled water 
60 67.8 67.2 


COM MENT 

The swelling of the brain which we observed after lesions of the floor of the 
fourth ventricle seems to have an initial vascular origin. The lesion produces 
generalized vasomotor disturbances and, together with them, cerebral swelling. 
Although we did not see frequently any great changes in the cerebral circulation 
shortly after the lesion, a vascular factor (vasomotor paralysis or vascular con- 
gestion) must be taken into consideration to account for the rapid development 
of the swelling. Another possible factor is an increase in vascular permeability, 
but this should act more slowly. Bonvallet and Le Beau* observed that a solu- 
tion of trypan blue did not pass through the capillaries of the brain with acute 
swelling due to a lesion of the midbrain. We have also carried out experiments 
in which we failed to observe diffusion of dyes to the cerebral tissue of brains with 
acute swelling. An increase in vascular permeability has often been postulated 
with regard to the pathogenesis of cerebral swelling or edema. Although the 
method of estimating the water content in small samples of nerve tissue may be 


4. Bonvallet, M., and Le Beau, J.: Nouvelles remarques sur l’oedeme aigt experimental 


du cerveau, Compt. rend. Soc. de biol. 181:1128, 1939. 


Ig 
1e 
D- 
al 
a 
n 
n 
it 
n 
yf 
t 
a 
1 
. 


&30 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


criticized (Pilcher Shapiro and Jackson®; White, Yerlot, Selverstone and 
Beecher‘), nevertheless it seems to show an increase of water in the swollen 
brain, and this can be considered proof of diffusion of fluid through the cerebral 
capillaries. There is also evidence of an increase of water in the white matter of 
edematous areas associated with brain tumors (Stewart-Wallace *), and we have 
seen such an increase in the white matter of samples of cerebral tissue collected at 
operation in cases in which severe swelling of the brain had developed. The 
dilatation of the perivascular spaces noted in the swollen brains may be due also 
to diffusion of fluid. 

In interpretation of this type of experimental swelling of the brain several 
factors must be taken into consideration. First, it would seem that vascular dis- 
turbances occur because of the lesion in an important region concerned with the 
vasomotor regulation of the body. These vascular disturbances (increased blood 
pressure and vasomotor paralysis or stasis) appear to give way to slight changes 
in the vascular permeability, with an increase in the diffusion of fluids, and eventu- 
ally there develops swelling independent of the vascular factors (blood pressure, 
cerebral circulation ) ; that swelling, however, can be reduced by intravenous injec- 
tion of hypertonic solutions. 


SUMMARY 

\cute swelling of the brain was produced in dogs by lesions of the lower part 
of the fourth ventricle and the medulla. This swelling usually appeared with a 
simultaneous rise in blood pressure, but later the swelling persisted in spite of 
the fall in blood pressure. 

The blood flow through the brain did not show any marked or persistent change 
in the majority of the experiments. 

There was an increase in water content of the gray and the white matter of the 
swollen brain. 

The intravenous injection of hypertonic solutions reduced swelling of the brain 
in most of the experiments. 

The only significant histologic change was dilatation of the perivascular spaces. 

The possible explanation of this experimental swelling of the brain induced by 
lesions of the fourth ventricle is discussed. 


5. Pilcher, C.: Experimental Cerebral Trauma: The Fluid Content of the Brain After 


frauma to the Head, Arch. Surg. 35:512 (Sept.) 1937. 
6. Shapiro, P., and Jackson, H.: Swelling of the Brain in Cases of Injury to the Head, 


Arch. Surg. 38:443 (March) 1939. 

7. White, J. C.; Verlot, M.; Selverstone, B., and Beecher, H. K.: Changes in Brain 
Volume During Anaesthesia: The Effects of Anoxia and Hypercapnia, Arch. Surg. 44:1 
Jan.) 1942 

8. Stewart-Wallace, A. M.: A Biochemical Study of Cerebral Tissue and of the Changes 

Cerebral Oedema, Brain 62:426, 1939. 
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SCHIZOPHRENIC LANGUAGE 


JOHN C. WHITEHORN, M.D. 


BALTIMORE 


AND 
GEORGE KINGSLEY ZIPF, Px.D. 


CAMBRIDGE, MASS. 


The study of language behavior offers a significant and fascinating approach 
to the study of mentation in psychotic conditions. In a simple and common sense 
way, this is recognized in every “mental status” recorded, but the possibilities of 
more penetrating study are not usually utilized fully, because of obvious difficulties. 
Curiosity is often blunted, also, by the naive assumption that one says what one 
means and means what one says, a supposition which leads the listener to believe 
that the meanings called to his mind by the patient’s language are a precise trans- 
cript of the patient’s meanings—certainly a precarious assumption in the ordinary 
transaction of asking for road directions, and likely to be an even more precarious 
guide to the psychotic patient’s mentation. Considered simply as behavior, how- 
ever, speech productions are impeccably objective. Indeed, for the study of behavior, 
speech has one striking advantage—it can be subdivided into specific and definite 
acts with great certainty. Words are almost universally recognizable and identi- 
fable as distinct and separate actions. No other type of behavior lends itself so 
well to unequivocal report and analysis. Furthermore, speech is inherently social 
or interpersonal, in its historical development and in its learning and primitive 
use by the person, so that one’s speech usage should somehow reveal, even though 
somewhat remotely and indirectly, some implications of the development of one’s 
interpersonal attitudes. 

The speech of schizophrenic patients has long attracted attention because of 
the curious nature of its distortion of normal linguistic usage. It is not that the 
schizophrenic patient invariably uses words peculiar to himself, though sometimes 
he does. It is not that he uses words invariably with unfamiliar meanings, though 
sometimes he does. It is rather the total effect of schizophrenic speech that is 
striking. This may vary from stilted and formal phraseology without apparent 
substance to a “word salad” of nouns and verbs with practically no articulated 
structure, or even without apparent meaningful connection. 

In the present paper we submit the results of a quantitative investigation of the 
frequency and diversity of the words used in a series of intimate letters written by 
a young woman, Helen B., while institutionalized for paranoid schizophrenia. To 
these quantitative data we shall add a bit of interpretation, in the belief that we 
may be able thereby to shed some light on the dynamics of this disorder, in which 
meanings seem at times to go far astray. The material chosen for this study is 
not the grossly disordered type of speech called “word salad” but personal letters, 
in which the language does not seem on casual inspection to deviate notably from 


From the Department of Psychiatry and the Henry Phipps Psychiatric Clinic, Johns 
Hopkins University and Hospital, and Harvard University. 

The clinical material was from the experience of Dr. Whitehorn, at McLean Hospital. 
The statistical analysis was conducted under the direction of Dr. Zipf. 

This work has been aided in part by a grant to one of us (Dr. Whitehorn) from the 
Masonic Fund, administered by the National Committee for Mental Hygiene. The preparation 
of the manuscript and charts was subvened by a grant to the other (Dr. Zipf) from the 
Committee on Research in the Social Sciences, Harvard University. 
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normal language customs. In order to place our data for schizophrenic language 
in a suitable perspective against the background of nonschizophrenic language, we 
also studied some control material. We shall begin our presentation by briefly 
discussing certain characteristics of the language of normal adults. 


REPETITIOUSNESS VERSUS DIVERSIFICATION; ANALOGY OF TOOLS 

The method of statistical study here employed is one which may appear some- 
what stilted and oblique, since it intentionally avoids any direct effort to deal with 
the speech productions as immediate expressions of meaning. We do not intend 
to imply that the content of speech—what one means to say—is of no consequence, 
but we are reporting here on interesting characteristics of form, ignoring content, 
We shall begin with a consideration of normal discourse. A certain relation 
has been found empirically between the number and the frequency of use of different 
words in various samples of discourse. We wish to present our observations quite 
objectively, but it may be helpful, also, to have in mind a tentative working 
hypothesis. We shall assume, in the company of many others, that speech is a 
socioeconomic device for saving effort in the attainment of objectives.’ With this 
explicit assumption in mind, one may ask how an urge to economize in effort might 
affect the size or diversity of a person’s vocabulary, as well as the frequency with 
which he uses his words. 

Obviously, there might be an economy of effort in having a vocabulary that 
consisted exclusively of only a single word which could be used for all verbal 
purposes. The single word would save the speaker the ‘‘mental effort’ which 
would be necessary in order to “think of” the “right” word if he had a large 
vocabulary of different words to choose from. We may tentatively visualize a 
tendency constantly operating in the direction of reducing the number of different 
words in a vocabulary toward the limit of one single word which would have a 
frequency of 100 per cent and which would mean everything. We shall hence- 
forth designate this as the tendency to repetitiousness, since it tends to compress 
all meanings and all diversity of vocabulary within a few words, often repeated. 

Opposed to this tendency to repetitiousness is the economy that is available 
in a vocabulary that posesses a distinctly different word for each different meaning 
to be verbalized. This second economy would work to make discourse easier for 
the auditor, if he knew the vocabulary, since it would save him the mental effort 
that would otherwise be necessary to excogitate, or determine, the particular mean- 
ing to which a given word refers. Such an advantage to the auditor would in 
normal speech, for practical purposes, be an advantage to the speaker also. We 
may visualize this tendency as one that would constantly operate in the direction 
of increasing the number of different words in a person’s vocabulary until there 
would be m number of different words, with one each for the m number of different 
meanings to be verbalized. Since the net effect of this tendency would be to 
increase the verbal diversity of a person’s vocabulary, we shall henceforth call it 
the tendency to diversification.’” 

Now, every speech production would apparently be subject to these two oppos- 
ing tendencies: the one tendency (repetitiousness) making for a vocabulary of one 
word, with m meanings, and the other (diversification) making for a vocabulary 
of m words, with one meaning each. Every actual speech production, subject to 
these opposing tendencies, would tend toward an intermediate condition, in which 


1. (a) Zipf, G. K.: The Psycho-Biology of Language, ed. 2, Boston, Houghton Mifflin 
Company, 1939. (b) For a discussion of the philosophic basis of the postulate of least effort 
(least action), see Zipf, G. K.: The Unity of Nature, Least-Action, and Natural Social 
Science, Sociometry 5:48-62, 1942, and footnote 7. 
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there would be fewer than m different words and in which no word would be 
used exclusively. It is obvious that actual speech does represent an intermediate 
condition between the extremes of these tendencies, but what is not nearly so 
obvious is the fact that actual samples of language behavior do show an extraor- 
dinarily steady equilibrium between these tendencies. 

In speaking of an equilibrium in speech between the described economical 
tendencies to repetitiousness and to diversification, we imply by no means that 
speech is therein unique. An artisan’s set of tools is also subject to the same forces 
of economy.” Thus, there is an economy in possessing a single tool that can be 
used for the performance of every task (repetitiousness). Conversely, there is an 
economy in possessing a specialized tool that is designed for the economical dis- 
charge of each different task (diversification). And, doubtless, in the evolution of 
tool design these opposing tendencies to repetitiousness and diversification have 
been operative in producing, on the one hand, single tools of general use and, on 
the other, different tools of specialized use. 

We mention the case of a set of mechanical tools not merely to remind the 
reader of the prevalent belief that “words are tools,” but to suggest that funda- 
mentally the forces which may motivate the number and uses of different tools 
are the same as those which may motivate the number and uses of different words. 
We shall return subsequently to a reconsideration of this word-tool analogy. 


STATISTICAL BALANCE IN ADULT LANGUAGE 
A rather remarkable type of equilibrium in respect to the diversity and fre- 
quency of use of words can be shown by an appropriate statistical analysis of the 
number of different words and their frequency of use in actual samples of running 
speech. 
In figure 1 we present the statistical analyses of two sizable samples of speech. 
The one curve (/) is for the 29,899 different words in fully inflected form as 


they appear in the total of 260,430 running words in James Joyce’s novel “Ulysses,” 
as determined by Hanley.* The other (//) represents Eldridge’s analysis * of the 


6.002 different words in fully inflected form as they appear in a total of 43,989 
running words in combined samples of American newspapers. 

In the construction of each of the aforementioned curves, as well as of all others 
presented in this paper, the statistical data were arranged and displayed on the 
charts in the following fashion: First, every occurrence of every word in a given 
sample having been noted (each inflected form being counted as a distinct word), 
the words were arranged in rank in the order of frequency. The most frequent 
word in a given sample—in English it is generally “the’—has the rank 1. The 
next most frequent word is usually “of”; yet whatever the word may be, it has the 
rank 2. The third most frequent word, whatever it may be, has the rank 3, and 
soon. The least frequent words are of course those which occur only once in the 
sample, and of these there will be a considerable number, all occupying the terminal 
ranks. It will also happen regularly in the intermediate ranks that a number of 
different words will be found occurring with equal frequency in a given sample, 
and they are assigned the ranks between the group of words just higher and those 
just lower in frequency. The terminal rank (1. e. the rank of the last word) will 


2. Zipf, G. K.: On the Economical Arrangement of Tools, Psychol. Rec. 4:147-159, 1940; 
National Unity and Disunity, Bloomington, Ind., Principia Press, 1941, chap. 3. 

3. Hanley, M. L.: Word Index to James Joyce’s Ulysses, Madison, Wis., University of 
Wisconsin Press. 1937. 

4. Eldridge, R. C.: Six Thousand Common English Words, Buffalo, N. Y., The Clement 
Press, 1911. (A copy of this treatise is in the Library of Congress.) 
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obviously represent numerically the total vocabulary of different words in the 
sample. To display the results in graphic form, these ranks are plotted successively 
from left to right along the abscissa, and the corresponding frequency for each 
rank is indicated by a dot at the appropriate height on the ordinate. If there js 
only one word having a certain frequency, it gets a dot; a group of words of equal 
frequencies get a horizontal series of dots. If the ranks are plotted on ordinary 
arithmetical coordinate paper, a sweeping curve is formed closely hugging the 
axes, something like the familiar pressure-volume diagram of Boyle’s law when 
it is plotted over a wide range. When plotting is done on doubly logarithmic 
coordinates, as here, the successive dots fall on a curve closely approximating a 
straight line (for the sake of greater clarity, we have connected the successive dots 
with lines). ‘The decrease in frequency at each step, in passing from left to right 
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Fig. 1—The rank-frequency distributions of words in (/) Joyce’s “Ulysses” and (JI) 
\merican newspapers (Eldridge analysis). 


in accordance with the rank of the words, is inevitably from the definition of rank. 
The point of mathematical significance lies in the fact that the successive steps 
have just the right magnitude at each step to approximate a straight line. In 


5. To our knowledge, the first person to recognize as such the hyperbolic nature of the 
frequency of word use was the French stenographer J. B. Estoup (Gammes sténographiques, 
ed. 4, Paris, Bureau du I’Institut Stenographique, 1916). (We have not seen the first edition, 
which appeared in 1907.) Others subsequently observed the same general relationship in 
various languages, without attempts at precise formulation. The first precise formulation in 
terms of a negative slope of 1 was by E. V. Condon (Statistics of Vocabulary, Science 67:300, 
1928). The formulation in terms of a harmonic series was first made by J. C. Whitehorn and 
presented anonymously by Zipf,11 p. 44. For a mathematical treatment of the magnitudes of 
the successive steps and the equation R * F C, see Zipf, G. K.: Homogeneity and 
Heterogeneity in Language, Psychol. Rec. 2:347-367, 1938 
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algebraic terms, the rank (R) of a word, when multiplied by its frequency (fF), 
yields a constant (C). ‘This is the familiar equation of an equilateral hyper- 
bola, R X F =C. 

This equation may be made somewhat more readily “understandable” by 
reference to our previously discussed tendencies to repetitiousness and diversifi- 
cation. Since diversification acts in the general direction of increasing the number 
of different words, and hence the size of the final R, and since repetitiousness acts 
in the general direction of increasing the frequency of their use, and hence the 
size of F, we may interpret this equation to mean that the tendencies to repetitious- 
ness and diversification stand in an inversely proportional relationship to one 
another—that is, in the dynamic relationship of an equilateral hyperbola. 

Many samples of speech have been analyzed in this fashion. The relationship 
R X F = Cis found to be a general first approximation to the truth, and so serves 
as a convenient base line for the disclosing and analyzing of deviations. 


THE SPEECH OF CHILDREN 

We have previously assumed that the limit of the tendency to diversification 
would be a vocabulary of m different words which would match in 1:1 corre- 
spondence the presumed m different meanings to be verbalized by the speaker in 
a given sample of discourse. As to the number of different meanings, m, in that 
sample we have made no assumption. According to our argument, whatever the 
size of m may be, the size of m (the actual number of different words) will be 
smaller than #7. 

Once we broach the question of the size of n, we are reminded of the vocabu- 
laries of children empiric analysis of which has long shown that the vocabulary 
used is on the whole comparatively much smaller than the average adult vocabulary. 
Since the speech of psychotic persons is sometimes likened to the speech of children, 
the present momentary digression on the diversification and frequency of use of 
children’s words may serve a useful purpose, not only in establishing some objective 
criteria for children’s speech but in deepening insight into the general nature of 
disordered speech. 

In investigating by this special statistical technic the limited diversity of a 
child’s word vocabulary, we first ask whether a small 1 for the words of a child’s 
vocabulary, as revealed in a sample of speech, is matched by a correspondingly low 
frequency of use, with the result that the child’s rank-frequency distribution of words 
is faithfully described by the hyperbolic equation R x F = C. Such a hyperbolic 
relationship does, in fact, seem to exist, according to the results of a quantitative 
investigation completed by one of us (G. K. Z.) and reported in preliminary form 
elsewhere. The upshot of this investigation of children’s speech, which will be 
presented in detail in a future publication,’ is that the rank-frequency distributions 
of children do indeed follow fairly closely the hyperbolic equation. In this con- 
nection we submit in figure 2 (/) the rank-frequency distribution of a 10,000 
word sample of a 5 year old girl's speech, as recorded by Uhrbrock,* and (J//) 

6. Zipf, G. K.: Children’s Speech, Science 96:344, 1942. 

7. Zipf, G. K.: The Principle of Least Effort, to be published. Children’s speech materia) 
will be reported in full in chapter III of this book. 

8. These are the recordings discussed by R. S. Uhrbrock: (Educ. Research Bull. 14:85-97, 
1935; J. Educ. Psychol. 27:155-158, 1936). Dr. Uhrbrock put at the disposal of one of us 
(G. K. Z.) a transcript of the recordings. 
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that of a 4,000 word sample for the same child at the age of 6 years.” It is evident 
from the two curves in figure 2 that they are approximating essentially the same 
slope of the hyperbolic equation observed for adult speech in figure 1. 

The child’s curves in figure 2 show, however, a more marked deviation from 
a straight line than do the more mature samples in figure 1. One may say that 
the curves bulge upward in the middle region, the 5 year curve bulging most at 
about rank 30 and the 6 year curve bulging most at about rank 50, but to a notice- 
ably less degree. Or, alternatively, one could say that the words in the upper 
several ranks and in the lower several hundred ranks are used less frequently than 
would be proportionate to the use of the words in the middle ranks. as judged by 
deviation from the equation of an equilateral hyperbola. 
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Fig. 2—The rank-frequency distributions of (J) 10,000 running words of a 5 year old 
girl and (JJ) 4,000 running words of the same girl at 6 years of age. 


CHILDISH VERBALIZATION OF ADULTS 

A case of special interest for the “childish” type of discourse is provided by 
our study of a patient, Miss Margaret C., who was a highly trained and fairly 
productive scientist, but childish in the character and expression of her emotional 
relationships. After a brief account of her clinical picture, we shall present the 
rank-frequency distributions of the words of her intimate personal letters, and we 
shall note the extent to which her speech is graphically like that of a child. 

Miss Margaret C.,!° a 33 year old chemist from the University of W., while on a brief 
visit with relatives in Boston, announced that she had just gotten into telepathic communication 


with two close friends and thereby learned that one of them (a man of 40) ) wished to marry 
her and that the other (a woman of 50) had just become a mother (her mother). 3rought 
9. From a transcript of recordings made by R. S. Uhrbrock and put at the disposal of one 
of us (G. K. Z.) by Dr. Uhrbrock. 
10. The names of patients are fictitious, and to preserve their incognito certain relatively 
insignificant facts have been disguised. 
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to McLean Hospital, Margaret seemed at first in high spirits and spent many hours observing 
in herself the sensations of a newborn baby, when, for example, she was in a wet pack. She 
promptly decided that the proposal of marriage had been an error, but it took about three 
weeks, and an interview with the friend in question, for her to decide that she had not been 
reborn to the new mother. By this time she asked one of the hospital physicians to be like 
a father to her. She found obvious difficulties in keeping frankly erotic impulses out of this 
relationship and passed into a catatonic condition, standing rigidly for hours, with saliva 
drooling. In moments of excitement she spoke of herself as the “Christ child” and repeated 
yerbatim “messages” from Jesus Christ, from old friends and from others who were dead, 
and she gave many evidences of being in hallucinatory contact with her father, whom she 
had really never known, as he had died when she was an infant. After a stormy illness of 
about three months, she rather suddenly improved and, on her insistent request, was discharged 
to return to her research work at the University of W. Her psychosis could be characterized 
as “schizoaffective.” 

Margaret was the youngest of two children, brought up fatherless by a hard-working 
mother, not very affectionate, who succeeded in providing excellent college and professional 
educations for her two children. Margaret was intellectually brilliant and was making a dis- 
tinguished career in research, but had a characteristic difficulty in personal relationships. She 
attached herself to older women with inordinate devotion and suffered proportionate distress 
when they grew restive and drifted out of these relationships. At the time of the onset of 
her psychotic episode, Margaret had just suffered the termination of the most recent of such 
attachments, which had been in some respects the most gratifying, for this woman had 
cooperated for a time in a “make-believe” correspondence, in which Margaret had addressed 
her as “dear Granny,” in fond memory of her paternal grandmother, who had provided 
Margaret’s happiest childhood experiences. 

After her discharge from the hospital Margaret wrote frequent letters to her favorite 
physician (the one whom she had adopted as a father in her illness) and asked permission 
to address him as “dear Daddy” in her letters. On this basis a kind of long distance sup- 
portive psychotherapy was carried on for six or seven years, which was aimed ultimately 
at helping her outgrow somewhat her childish personal dependence. Margaret continued in 
her research work, which has now gained her considerable scientific distinction, including 
an honorary Sc.D. The long distance therapy had its awkward features, and the process 
of “weaning” precipitated three episodic recurrences, for a few days each, of the kind of 
psychotic reaction shown on the first hospitalization, but Margaret has now been doing well, 
practically without the physician’s letters, for four years. Her letters constitute the material 
of the present study. A few quotations indicate their general style and substance: 

Aug. 12, 1931: “The laboratory work was misery for the first few weeks. If I could 
have done some quantitative work I should have been all right, but I had to finish writing 
my paper for the J. P. C. and the sentences were stubborn and didn’t seem to want to be written, 
and I was blue and hot and tangled up in mathematics and the theoretical part of the paper, 
and wanted nothing so much as to go to sleep all the time . . . I had my friend Dorothy 
convulsed with laughter the other day when I told her how I suffered at the hospital from 
making people dress me when I would much rather have dressed myself, and drew for her a 
graphic picture of the hearty and mutual dislike between Miss M. and myself as we went 
through these ordeals. She laughed till she nearly cried while I pictured for her Miss M. 


feeding me with a spoon and me squirming under it!” 

March 12, 1932: “Dear Daddy: I’ve just been having a fit of temper about the way 
A—— has treated me. I guess maybe I’m ashamed of myself to behave like such a baby. And 
you will feel ashamed of me and that will make me feel badly. And maybe that will make 


me stop.” 

Dec. 26, 1934: “O Daddy, it’s so nice to be alive—I mean really truly living. It’s as if 
I'd never really lived before I was in the hospital—I had always been stewing about something 
or other all my life—even since I can remember I used to stew about things. And now I 
don’t care any more.” 


In figure 3 we present rank-frequency distribution for the whole and for parts 
of 50,000 running words of the intimate personal letters of Margaret. Curve / 
represents the total 50,000 running words, and curve J//, the last 30,000 words; 
curves /// and JV represent the first and second blocks of 20,000 words each (1. e., 
1 through 20,000 and 20,001 through 40,000) ; curve represents the first 10,000 
running words; curves VJ and VJ] represent the first and second blocks of 5,000 
each (i. e., 1 through 5,000 and 5,001 through 10,000), and curves VJII and JX, 
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the first and third blocks of 2,000 running words each. Lines 4 and B, which 
have been added for comparative purposes, represent the ideal slope of an equi- 
lateral hyperbola. 


the top 
concavity, represents nothing more than the fact that the words were taken from 
letters that were intimately personal, and not formal; in and for itself the top con- 
cavity has no necessary connection with abnormality. Indeed, as early as 1936 
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Fig. 3—Rank-frequency distributions for Margaret C. (a “childish” adult) in samples of 
(1) 50,000 words; (JJ) 30,000 words; (J/J and JV) 20,000 words; (V/V) 10,000 words; (VI 
and VII) 5,000 words, and (VIII and 1X) 2,000 words. 

In this figure, and in figures 4 and 5, 4 and B are ideal standard curves. 


one of us (J. C. W.) observed the presence of a top concavity rather generally 
also in the word frequency analysis of the intimate letters of normal persons. Sub- 
sequently, the other of us (G. K. Z.) assigned the topic of top concavity for further 
investigation to three of his students, W. A. Burnham Jr., H. Shippen Goodhue 
and Kermit Roosevelt Jr., who carefully analyzed the frequency distributions of 
words in extensive sets of intimately personal letters and found in all cases a 
top concavity. In this connection we suggest that the presence of a top concavity 
in intimately personal (1. e., not formal) letters may be ascribed to the fact that 
the writer and the reader have a certain commonness of experience and hence can 
dispense with the high degree of articulation that is otherwise necessary in writing 
to a nonintimate. Thus, to the close friend or relative one may simply refer to 
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Mary, John and Ned, without explaining that one is the cat, the other the chauffeur 
and the third the dog. In brief, the definite articles and other short, highly frequent 
articulatory words, which are necessary for coherence when one is writing to a 
person who is a stranger to the topic, become unnecessary in writing to the intimate. 
It is the substandard frequency of these articulatory words which is found in 
colloquial and intimate writing (and speaking) and which is reflected in a top 
concavity.'' Presumably, also, the slight top concavity in “Ulysses” (curve /, 
fg. 1) has a similar explanation."* 

When one turns to a consideration of the middle and lower portions of these 
curves, and inspects first the largest samples in the figure, one notes that the curves 
have still a general concave appearance, comparable to the 5 year old child’s curve 
in figure 2, with the bulge, or bend, at about the point of ranks 50 to 100. Above 
this point the slope is slightly less than that of 4 or B, whereas below this point 
the slope is slightly greater. 

This bend, which may be connected with “childishness,” can perhaps best be 
understood if one notes that it is absent in the 2,000 word samples of curves VJ// 
and/X. Indeed, since these 2,000 word curves, except for a top concavity, approxi- 
mate fairly closely the hyperbolic equation, R «& F = C, it follows that Margaret’s 
speech is balanced with about 500 different words in a discourse of about 2,000 
running words. Of course, Margaret’s vocabulary contains more than 500 different 
words, as can be seen in curve J, in which the final rank is approximately 5,000. 
But the point is that Margaret favors the limited vocabulary of 500 odd words, 
as the bends in the larger samples show, and she favors them at the expense of the 
rarer conceptual words. This favoritism becomes ever more conspicuous as the 
size of the sample is increased. 

Stated in terms of the tool analogy, this bend perhaps means that Margaret 
lives in a workshop with a respectable number of different verbal tools (i. e.. 
about 5,000), which are designed for specific verbal tasks. Though she knows the 
uses to which these different tools can be put, for she does not avoid them altogether, 
nevertheless she prefers the simpler tools to the more specific ones. Hence she 
uses her verbal tools in a manner similar to that of the child, even though she may 
possess the verbal equipment of the adult. Thus the bend in her rank-frequency 
distributions of words may be construed as being ultimately connected with the 
observable 
indicative of a condition of mind of far greater extent than that of the merely 
verbal field. 

Before leaving figure 3, we call attention to the bend with the convexity down- 


‘childishness” of her behavior. In short, our linguistic data may be 


ward which occurs systematically in the neighborhood of rank 12 (i. e., from 
ranks 11 to 13) in curves / to )’// and is lacking in curves V/// and JX. Since 
this bend is present in all the larger samples, and since it is of the same kind and is 
located in the same position in the upper curves, i. e., it is systematic, we may 
not ascribe its emergence to chance. Though limitations of space prevent a more 
detailed analysis here, we may, nevertheless, remark that a bend of this type may 
represent a disunity, or lack of homogeneity, of discourse.’* That is, Margaret in 


11. For discussion of articulatory and conceptual words, see Zipf,1® p. 229. 

12. One of us (J. C. W.) has noted an interesting, and perhaps significant, exception to this 
very general rule in the published correspondence of George Bernard Shaw and Ellen Terry 
(New York, G. P. Putnam’s Sons, 1932). The language of the former shows a relative 
excess of articulatory terms (as if he were composing his letters for a number of readers), 
whereas the actress’ language is normal in this respect. 

13. Zipf, G. K.: Homogeneity and and Heterogeneity in Language, Psychol. Rec. 2:347-367, 
1938. 
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her workshop does not simply use a limited number of tools, like a child, in obtain- 
ing her day to day objective. She apparently has a limited number of fixed jobs, 
which are not integrated in her total scheme of living and on which she apparently 
persists in working with a limited number of tools. 

The gross statistical meaning of the curves of figure 3, aside from the top 
concavity, which we expect to find in intimate personal letters, is that they represent 
the distributions of an unbalanced person. This lack of balance is the kind one 
might expect of a child in an adult's workshop. The language is not only “childish” 
it lacks integration. 

PARANOID LANGUAGE 


Another large sample of control material became available when one of us (J. C. W.) 
found a large collection of letters written by Charles M., who was a patient at McLean 
Hospital in the years before the Civil War. The letters themselves constitute the main source 
| information about him. In terms of present day psychiatric characterization, his illness 
would be described as a paranoid condition, with a rather pronounced manic tendency, not 
nly for letter writing but for traveling and making friends. It is doubtful whether one could 

rrectly call him schizophrenic in the same sense that one does Helen B., whose case is to be 
described later, but he comes very near it. There are evidences of hypochondriacal tendencies: 
for example, he was apprehensive about “drafts” blowing on him. At least on one occasion 
he wore two suits of underwear in September, and at another time, while in the asylum at 
Columbia, S. C., he wrote about having to wear two overcoats to keep warm. Indeed, some 
of his paranoid suspicions of his father and certain friends and physicians were developed 
around the theme of their alleged attempts to kill him by making him catch a severe cold. In 
this connection, it is of interest that his first major psychiatric difficulty involved a “draft” 
on a bank, apparently forged in New York, when he was financially embarrassed while return- 
ing to his home in Charleston, S. C., after a trip to Niagara Falls with a chance acquaintance, 
who proved to be a gambler. His most bitter paranoid accusations centered around delusions 
f food poisoning. He suspected that “sugar of lead” was put in his food and drink and 
dusted into his room. As an illustration of his friendly disposition, it is noteworthy that in 
making an escape from the South Carolina institution, he planned it in a way to exonerate 
from blame the attendant who was accompanying him on a buggy ride. Yet, for the most part, 
e included in his paranoid suspicions most of the friends who tried to help him. 

M. was an unmarried man of good family and high social position in South Carolina 
and had had his college education at Harvard and in Paris. His first commitment as insane 
ccurred in 1852, at the age of 29, in Columbia, S. C., after quarrels with his father over 
his demands for a large share of the family estate. At this time he became suspicious of 

in the family, sat up most of the night with a poker in his hand for protection and 
apparently had auditory hallucinations and ideas of reference. After about four months he 
escaped to “the West.” In Tennessee he seems to have impressed friends as normal but 
showed in letters obvious paranoid attitudes. He was at home for some months in Charleston 
in 1853. In 1854 he visited Cuba and Europe and also made a trip to Boston to attend a 
reunion of his college class. But on September 20, a few days before the reunion, he was 
hospitalized at McLean Asylum, where he remained for some years, obviously touchy, can- 
tankerous and paranoid, but apparently without hallucinations. He remained hospitalized until 
his death in the 1870's. 

Characteristic quotations from his letters are given here. 

In 1852, to a lawyer, whom he asked to undertake bis case against his father: “I enclose 
a narrative of what occurred at the Insane Asylum at Columbia during my confinement there 
in the winter of 1852-53, and five letters which will throw a great deal of light on the causes 
that led to that confinement. ; 

“The letter of Pinkney H. is a tissue of falsehood and hypocrisy, and I think the fact that 
he did not attend to my rights of liberty is sufficient evidence that he could not have referred 
to them when he said that he would see that I had my rights, and renders probable the 
charges that I intend to bring against Russel M. and himself, namely, that their services were 
given to my father as the price of my blood. 

My object in enclosing the Narrative is that you will read them with the view 
to a question of property between my father and myself. My narrative is in every respect a 
faithful one. If it were not, it could not escape the practiced scrutiny of a great lawyer, 
and while it awakens your deep indignation at the harsh and unfatherly act which consigned 
me with such cold-blooded barbarity to the abhorred and forgotten end of a lunatic, I hope 
it will indicate with sufficient clearness the true cause that led to his course, which was 
the necessity for maintaining himself in the possession of property to which I had a legal 
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daim by the will of Francis K., and of which he therefore held fraudulent possession. The 
evidence on this point is, I think, very conclusive, and my intention is that my rights shall 
be tested by an appeal to law. If your conviction is the same, and you are willing to act 
for me as my lawyer I will pay you in case of a favorable decision twenty thousand 
dollars 

“I shall be able to raise enough money to carry on the suit, on your opinion as to the 
justice of my claim, and an arrangement for your own security while in Charleston can readily 
be made with any of the hotel keepers. ; 

“There is another circumstance to which I will allude. The moment that I heard of the 
death of Mrs. B., I comprehended the true cause of it, but while I was in Nashville I did 
not think that her relations had suspected that dark, and infamous act, and when 
Mrs. F. showed me the paragraph in which it was suggested that the sun was the origin of 
the gulf stream, I did not suppose that she knew that I was the cause of her sister’s untimely 
end. I regret that I should have been the cause of the death of an amiable and accomplished 
woman, in whose society her friends delighted, but one of her murderers, Dr. B., is I think 
in my power, and I shall make him atone for his crime by convicting him, if I can, of 
perjury.” 

In 1853, to the friend Pinkney H., named in the foregoing letter: “I desire to make a few 
remarks on a letter that I received from you net very long since. I have already convicted 
you of one falsehood. It is now my intention to convict you of something worse than a false- 
hood—to convict you of having deliberately made me a promise, and of having just as 
deliberately broken it. I refer to your promise that ‘you would see that I had my rights.’ 
This assertion you say had reference to my rights of liberty. What steps were taken by you 
to have my rights attended to? Did you ever return to Columbia to inquire how my health 
was progressing? Did you see that the promise, made by my father through Dr. B. in your 
presence, and for which you were responsible, that I should remain at the Asylum only two 
or three weeks, was carried out in good faith? Instead of remaining at the Asylum only two 
or three weeks, I remained there nearly four months, being subjected incessantly to every 
mode of torture by poisons, and during the whole of that time neither you nor any of my 
other relations came to see me. You had abandoned me to the horrors of a future lost on earth. 
How then was your promise redeemed? It is needless to disguise the truth. Your promise, 
whether it had reference to property or to liberty, was not made in good faith c 

In 1859, a long, and rather formal, document begins as follows: “The History of a 
Lunatic, written for the Honorable Edward Everett, for he was Secretary of State for the 
United States of America in December 1852, when my insanity was discovered. A graduate 
of Harvard College. Addressed to the Congress of the United States, and the Legislature of 
Massachusetts. By Charles M. 

“It is the public law of each State that a person suspected of derangement shall be con- 
fined in a Lunatic Asylum on a warrant issued by a magistrate placing his person in custody 
of a physician connected with such an institution. I am a resident of South Carolina and a 
warrant was issued by a magistrate in Charleston placing me in custody of Dr. J. W. Parker 
of the Insane Asylum at Columbia. I remained at Columbia three months and a half, from 
December 5th, 1852, until March 24th, 1853. I then made my escape and went to Nashville in 
Tennessee which I reached after three weeks hard riding on horseback. : 

I graduated at Harvard College in 1844, but I am not an accomplished man. I 
prefer being an audience to the United States rather than one of her legislators. I am not 
contaminated, nor do I intend to be. I always held the opinion that the human mind could 
resolve all doubts with reference to its existence, and I have always cordially supported the 
Republic, and countenanced fanatics, and extremeists. My father holds moderate public 
opinions, but very harsh, severe and despotic private opinions. He claims that a father has 
absolute control over his children. That he may put them to death or sell them, another law 
of South Carolina publicly supports him in this. He does not believe that a tyrant is degraded 
in his own estimation by despotic acts, and therefore no one is his equal. In the management 
of his children (the eldest is thirty nine and the youngest nineteen) he allows no advice from 
his wife. 

“The Asylum occupies one of the squares in the Town, now the city of Columbia. The 
building is composed of a square center, and two wings of equal length. It has two yards 
attached, one in front of the Asylum, out as a garden with iron railings and iron gates, the 
other has high walls and is divided into two lots where the male and female patients, or mad 
men and women exercise. The Asylum has become very wealthy of late years, from large 
sums of money having been paid to the Regents or Trustees to get rid of certain insane heirs 
(this is not a legal conclusion but my own conjecture.) and since 1853 they have had another 
square erected to the buildings which they have surrounded by a high wall. The inmates who 
are placed here are as absolutely certain of being killed or cured, as it is absolutely certain that 
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John Brown was hung. These Asylums everywhere in the United States are taking the place 
in the respect and even the idolatry of men that convent and monasteries occupied in England. 
They are very wealthy, very despotic, and do not represent. : 

... I supposed for some time that the Asylum was constructed in such a way that 
the sounds could be carried to one room, and then listened to when the physicians or attendants 
wished to know what the patients were about, but I am of opinion now that no such w 


hispering 
tubes existed. 


In figure 4 we present the rank frequency distributions of words in the whole 
and in parts of Charles’s letters and extensive autobiographic material contained 
therein, which totaled 47,850 running words and hence fell slightly short of the 
arbitrarily selected 50,000 running words represented in figures 3 and 4. Here 
curve J represents 47,850 running words; curve //, a block of the last 27,850 words 
(i. e., 20,001 through 47,850) ; curve J//, the first 20,000 (actually 20,005) words; 
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Fig. 4.—Rank-frequency distributions for Charles M. (a paranoid patient) in samples of 
(1) 47,850 words; (JJ) 27,850 words; (J/I) 20,000 words; 10,000 words; and 
I’T) 5,000 words, and (VJI and VIII) 2,000 words. 


curve JV, the first 10,000 words; curve I’, the first 5,000 words: curve |’/, the 
second 5,000 words, and curves /"// and V///, the first and third blocks of 2,000 
words each. Lines 4 and B have been added, as previously, in order to aid the 
reader's eye. 

If the reader sights down the eight lines from the top and ignores the iop- 
concavity as well as the slight differences in general slope,'t he will note that 
the curves do not have the general concave appearance of Margaret's, but that 

14. The slope of the line of a rank-frequency distribution will depend, among other things, 
on the size of the sample. For an ingenious mathematical discussion, see Carroll, J. B.: 
Diversity of Vocabulary and the Harmonic Series Law of Word-Frequency Distribution, 
Psychol. Rec. 2:379-386, 1938. Carroll’s study will be found criticized and the topic further 
explored by one of us (G. K. Z.) in his forthcoming book.? 
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curve J bends slightly at about rank 300. This may constitute some slight evidence 
of what we previously described as “childishness,”’ but with the curve displaced 
some 200 ranks to the right. This slight bend is also present in curve J/, and 
perhaps in curve ///. It is not apparent in curves JV to VIII. Hence up to this 
point Charles’s vocabulary is fairly normal. 

Nevertheless, these eight lines have one other characteristic—their general 
waviness, which on the whole is not systematic, in the sense that the same type of 
bend is not found with reference to the same ranks, as was the case to a considerable 
extent with Margaret’s. Indeed, in comparison with the irregular waviness of 
Charles’s curves, Margaret’s parallel each other fairly consistently through- 
out, and hence point to a systematization’?® that is lacking in Charles’s curves. 

The unsystematic waviness of Charles’s curves of word distribution may con- 
ceivably indicate that his stream of speech was not confined to systematic grooves. 
Whether one may actually read anything pathologic into this random waviness is 
doubtful. In terms of our tool analogy, Charles was apparently using a large 
diversity of tools in a reasonably close balance between the tendency to repetitious- 
ness and the tendency to diversification. He may merely have concentrated exces- 
sively now on one group of tools and now on another or others, with the result 
of a certain waviness. 


AUTISM OF PARANOID SCHIZOPHRENIA 

Up to this point we have presented rani frequency distributions for the words 
of professional adult writers (fig. 1), for a child (fig. 2), for a “childish” adult 
(fig. 3) and for a paranoid patient (fig. 4). Though these language productions 
differed in some respects, they could all be referred ultimately to the fundamental 
hyperbolic equation, with its assumed balance between repetitiousness and diver- 
sification, and their differences were most conveniently displayed by graphic com- 
parison with this equation. Moreover, in all the foregoing cases the analogy of 
mechanical tools in a workshop seemed on the whole legitimate. 

But now that we turn to a consideration of the verbalizations of the patient 
with paranoid schizophrenia, Helen B., we come on a curious and systematic 
distortion of a type not present in the preceding material. 

In order to prepare for an inspection of her word distributions, we may for 
a moment probe more deeply into the economies of the tendencies to repetitious- 
ness and diversification for the light that they may shed on the speaker’s attitude 
toward the author (or the writer’s attitude toward the reader). It is remembered 
that the economy of the tendency to repetitiousness, which strives to subsume m 
different meanings under one single word, is an economy that works to the con- 
venience of the speaker. On the other hand, the tendency to diversification, which 
strives to increase the size of a vocabulary to m different words, with one meaning 
per word, is based on an economy that works to the convenience of the auditor. 
Therefore, the balance between the tendency to repetitiousness and the tendency 
to diversification would seem to refer also to a corresponding balance between the 
respective conveniences of the speaker and of the auditor, with the ultimate result 
that the y coordinate (frequency) will represent the “pull” of the speaker’s con- 
venience, whereas the x coordinate (diversity, in terms of rank) will represent 
the “pull” of the auditor’s convenience, the assessment being made by the speaker 
in both cases. In other words, the hyperbolic equation, R K F =C, may be 
equivalent to U * I=C, in which U represents the speaker’s consideration for 


15. Whitehorn, J. C.: Material of Human Nature and Conduct, Am. J. Psychiat. 92:315- 
323, 1935. 
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“the other fellow,” as measured on the horizontal axis, and | represents the speaker’s 
consideration for himself, as measured on the vertical axis. As long as the distribu- 
tion is truly hyperbolic, one may imagine that these “egocentric” and “allocentric” 
forces are balanced without bias to either. 

But suppose that the distribution favors repetitiousness (or 1), at the expense 
of diversification (or U)—what then? In this case the speaker may be considering 
his own convenience more highly than that of the auditor. We shall designate 
this egocentric condition as autistic. By autistic, however, we do not mean all 
egocentricity in whatever form it may appear in speech. An egocentric person who 
wishes to dominate his environment is not necessarily impelled to be autistic in 
this sense and to sacrifice the auditor’s speech convenience to his own. On the 
contrary, an unscrupulous politician or a confidence man can accomplish his 
egocentric goals within the normal use of speech, and with normal, or even super- 
normal, considerateness for the convenience of his auditor. ‘The dictator, in hound- 
ing his minions, gains nothing by issuing decrees in a verbiage which the minions 
will find difficult to understand. Rather does the dictator use language that is 
unambiguous to his auditor. A given person may, and often enough does, use 
language to gain his own personal ends against another person; in so doing he 
will commonly find it to his own advantage to defer to the other’s verbal con- 
venience. By autistism, then, we do not mean the egocentric attitude of exploiting 
others, but rather the egocentric tendency to disregard the convenience of others. 

Such an autistic tegdency might distort a rank-frequency distribution of words 
by crowding an inconveniently large number of meanings onto a relatively small 
number of words. Conceivably, it might also happen that a person, inconsiderate 
of others, might indulge in a diversified polysyllabic discourse, using such a large 
and unfamiliar vocabulary as to be incomprehensible to most. 

We shall now consider the actual observations on a selected patient. 

Miss Helen B., a 23 year old, unmarried college student, was admitted to McLean Hospital 
in 1931 because of screaming denunciations against father, mother and sister for their “insidious 
actions,’ accompanied by threats to kill them. This incident came as the climax to two years 
ot psychotic maladjustment at home, which had started as an episode of tearful panic while 
she was in her third year at college. That episode had been preceded for a year or more by 
mounting tension within the family and quarrels with and about “lovers.” 

At the hospital the screaming mood subsided within a few minutes, and the patient settled 
herself fairly comfortably in her quarters. With little questioning she expounded volubly 
the “plot” which menaced her. In brief, she stated that there was a conspiracy by the closed 
ring to make a prostitute of her. The conspiracy, she said, included her father, her various 
lovers, the Secretary of the United States Treasury, the Pope, the whole Roman Catholic Church, 
the Masons, the Methodists and a long list of other persons. The closed ring, she said, had 
also recently instigated an invasion from Mexico, to prevent which President Hoover 
had put battleships on the coast of California. She “feared” that the government would be 
overthrown by the closed ring and that she would be killed when they got in power. Within 
a few days she included hospital personnel in the “conspiracy” and spoke of being spied on by 
television and radio apparatus in the ventilator of her room. There was no proof of 
hallucinatory experiences, but occasionally she became intensely preoccupied with “thinking.” 

Helen had “always been a strange child,” according to the family. She had been sensitive 
and idealistic, with poetic and musical tastes and talents, and had been ambitious to make a 
fine record. She had a brother and 2 sisters. The father was a hard, shrewd, successful 
manufacturer, of limited interests, very fond of the patient and disposed to favor her because 
she had shown more “ambition” than other members of the family. He had repeatedly and 
urgently taught her to be suspicious of boy friends or men who might show personal interest 
as a way of getting her money. 

The patient has been continuously hospitalized since her first admission, and her subsequent 
course has been in the direction of narrowing interests and social deterioration. The history, 
clinical symptoms and course are not given in further detail here. The diagnosis of paranoid 
schizophrenia was unquestioned. She was for fourteen months at McLean Hospital, during 
which time one of us (J. C. W.) became well acquainted with her and accumulated many 
of her letters, which constitute the material of the present study. The spirit and style of 
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her letters, and some idea of her close preoccupation with the problem of affection, may be 
gathered, somewhat inadequately, from the following brief extracts: 

From a letter to her father: “In spite of the fact of that you insist on exercising your 
patriarchal influence, my mind (even if not my pocket-book) is emancipated from that feudal 
conception of parental domination. No doubt you can arouse a certain amount of public 
sympathy from such narrow-minded goops as the Dovers and the Clarks, but it only goes to 
prove the futility of the development of intelligence and makes me realize that this is an 
unredeemable civilization of grocery men and fishmongers. Please do not count on me to 
worship your little idols with reverence. . . . Whatever cause you may find for malice 
or hatred toward me you may consider the outcome of your own will.” 

From a letter to a physician: “I think you are wonderful, but my life is completely futile 
and your kindness and effort is poured upon a dying plant.” 

Later, to the same physician: “Your meanness, ugliness and lack of any spiritual qualities 
at all make you appear to me only as an exmple of a horrible and hideous distortion of 
human nature. It is your hideous eye that I love now. I love it for all the suffering, all 
the misery, the loss of everything that it has brought into your ugly soul.” 

To the same physician two days later. “Honestly, darling, I love you with all my heart 
and soul. I want you so much that I ache with pain from wanting you—and then, I feel as 
though I cannot die soon enough. This hecticness is not doing me any good. I beg you to 
either love me or kill me.” 

To another physician: “I suppose you will call me good if I act like a tombstone. Well, 
every one learns by experience, and it is so unpleasant to have you repulse me that I shall 
eradicate all my tender feelings into a process of mockery. You may be very sure that I will 
never exhibit my affection for you again.” 

In view of the systematic distortion of the language pattern revealed in the statistical study 
of this patient’s letters, it is of some interest to note certain semantic distortions involved in her 
“conspiracy delusion.” This paranoid formation, offered by Helen rather defiantly at the time 
of admission, became more understandable when she elaborated it and discussed it more fully 
at a later time, when she was in fair rapport with one of the physicians. In brief, it then came 
out that what she “really meant” was that the persons in the so-called conspiracy would, by 
their beliefs and statements, “make her out” to be a prostitute on the basis of her actual 
behavior. The essence of the coercive “plot,’ which she so much resented, was so to speak, 
a classificatory plot—a broad general tendency, shared by many, to classify her as immoral— 
whereas she had believed, or tried very hard to believe, that her few sexual experiences had 
been of a poetic character—‘‘a worshipful experience in the temple of artistic living.” 
Captivated by a figure of speech and solaced thereby somewhat for the chagrin and disappoint- 
ment of being “brushed off,” Helen dramatized for herself this crusading role against the 
conventions, and, disdaining explanations to others (and clarification thereby to herself), she 
had included much more in her “plot” theory than she “really meant.” 

Another example of the same tendency to lump together too many meanings in one form of 
expression may be cited. One of Helen’s favorite words was “insidious.” In many of her 
earlier statements the term could be understood in its regular dictionary meaning, implying 
deceptive attack, ambush or treachery, but it gradually appeared, as one heard her use the 
word in many different contexts, that she meant by it anything malicious or hostile. In fact, 
when she finally was questioned about it, she said she had never appreciated that the word 
had any implication of concealment. Indeed, like many another sophomoric adolescent, Helen 
had a line of favorite words, similarly overworked and overextended in meaning, for example, 
“emancipated,” “unredeemable” and “futility.” In accord with her idealism and her concern 
about making a fine impression, her line was precious, rather than slangy. In this regard she 
was out of step with most of her contemporaries. 


In figure 5 we present an analysis of the whole and of parts of a total of 50,000 
(actually 49,991) running words in ‘fully inflected form as they appeared in the 
successive letters of Helen B. These letters, being intimately personal, show in 
this graphic analysis the usual top concavity expected in such discourse, but the 
graph then becomes very straight and steep. Curve / represents the total sample 
of 50,000 words ; curve //, the last 30,000 words; curve ///, the first 20,000 words: 
curve Jl’, the first 10,000 words; curves V and Il’/, the second and the first 5.000 
words respectively, and curves I’// and VIII, the first and the third 2,000 words 
respectively. 

Passing over the top concavity, one notes that all eight curves after about 
rank 10 descend at a slope that is steeper than the standard slope of 4 and B. 
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Hence one may say they are all “pulled” more by the autistic (1) pole of the 
vertical axis than by the social (U) pole of the horizontal axis. That is, in all 
eight lines the tendency to repetitiousness is greater than the tendency to diver- 
sification for all words except about the first 10 words in the top concavity. Hence 
these curves illustrate the type of distortion of word frequency predicated under 
the preceding discussion of autism. 

But that is not all. Below the top concavity all eight lines are strikingly 
straight. The straightness means that the entire sample (except for the top con- 
cavity) is systematically balanced throughout, although on a different slant than 
the normal. The eight lines are also strikingly parallel. The parallelism means 
consistency. Helen is not merely autistic in tending more toward repetitiousness 
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Fig. 5—Rank-frequency distributions of Helen B. (with paranoid schizophrenia) in sam- 
ples of (J) 50,000 words; (JJ) 30,000 words; (JIJ) 20,000 words; (J’) 10,000 words; (I 
and VJ) 5,000 words, and (V/I and VJII) 2,000 words. 


than toward diversitication—she is systematically and consistently so, even to the 
point of rigidity. 

Of course, in the interpretation of the steepness of any particular slope, there 
are certain general matters which must also be taken into consideration and which 
we mention here in order to show that we have not ignored them. Thus, in the 
equation R « F = C, the size of C imposes restrictions on the numerical value 
of R, and therefore on the size of the vocabulary. These restrictions are not 
imponderable and have been explored in considerable detail elsewhere.'* For the 
purposes of the present paper, it suffices if we summarize the problem by stating 
that there is a limit beyond which F will tend to exceed the maximal R and the 
slope will become steeper than an equilateral hyperbola. Just how large a sample 
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should normally be required to exhibit this limitation depends on many factors.” 
Presumably, it varies with the education and the social conscientiousness or tact 
of the speaker or writer. There are indications in the charts of the 3 patients 
presented here that with increasingly larger samples, up to about 50,000 words, 
the slope becomes little by little a bit steeper; that is, graphically the curves tend 
to converge a bit toward the bottom. Yet James Joyce, in “Ulysses,” reached a 
bulk of 260,430 words (with a vocabulary of 29,899 different words) without 
deviating significantly from the equilateral hyperbola, except for a slight “top 
concavity.” However, for the explicit purpose of this paper it is significant that 
a steep straight. slope characterizes even small samples of Helen’s speech production, 
even in the case of the 5,000 and 10,000 word samples.*® 


DISTORTION OF MEANING 

In continuance of our discussion of the implications of the curves in figure 5, 
we must conclude that their straightness and parallelism may well be connected 
with a systematic distortion of meanings. To show why this distortion is likely, 
we may approach the problem circuitously by inspecting the meanings of words 
in normal speech. In general, the allocation of meanings to words must be orderly 
in the sense that the allocation is governed primarily by a subtle balance between 
the various needs of actual living. The resultant speech practices are reflected 
in the statistical word distribution, normally in the form of the hyperbolic equation. 
One of us (G. K. Z.) 7! has discussed in some detail elsewhere the principles of 
dynamic philology by which this equilibrium is maintained, or is restored, through 
linguistic and semantic change. In the present paper we merely refer briefly to 
some of the reasons for taking this hyperbolic equation as the mathematical expres- 
sion for the optimal compromise between a tendency to repetitiousness and a 
tendency to diversification. (This theme will be developed further elsewhere‘). 
We may point out here, however, that, according to this conception, whenever the 
relative frequencies of words do not meet the requirements of this equation, the 
stream of speech is not organized according to a maximum economy of effort. 

If a man wants to buy a horse, his verbal pursuit of this equine objective will 
entail the use of those meanings which relate to horse buying, with the result 
that the words which possess those meanings will suddenly be used with a relative 
frequency that is considerably above average. One cannot know in advance whether 
this above-average frequency, in conjunction with the other parts of his discourse, 
will automatically meet the requirements of the hyperbolic equation. It may, or 
it may not. Similarly, any topic of special sustained preoccupation, in the actual 
world or in the world of fantasy, opens possibilities of disturbing the frequency 
distribution of words. In order to reorganize speech, in case such disturbance does 
occur, a reallocation of words and meanings is to be expected. Semantic changes, 
i. e., changes in the meaning of words, and linguistic changes, i. e., changes in the 
form of words, are mechanisms which restore and preserve this balance, so that 
the wieldiness of a small vocabulary can be preserved without undue sacrifice in 
precision of reference. 

But without a discussion of the mechanism of linguistic and semantic change,’? 
it should be remembered that no change in word form or in word meaning is socially 
useful unless it is both understood and accepted in the speaker-auditor group in 


16. In its mathematical implications the 45 degree slope of the equilateral hyperbola is a 
critical value, for with the steeper slopes the summation of the implied harmonic series of 
ratios becomes convergent, rather than divergent. This point has been further elaborated by 
one of us (G. K. Z.) and will be reported in a subsequent publication.” 

17. Zipf,11 pp. 20-39 and 274-278. 
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which the words and meanings are employed.'* ‘The establishment of a balance, 
then, between word frequencies and meaning frequencies, in order to make speech 
more economically effective is not only a subtle philologic problem involving the 
operation of linguistic and semantic changes; it is also a difficult social problem, 
since it involves the making of only those changes which are socially acceptable, 

But it does not follow that semantic and linguistic changes can occur only when 
they are socially acceptable. On the contrary, it is the speaker who selects both 
his words and his meanings and the auditor who tries to fit the selection into the 
patterns of his own experience. If the speaker does not make his selection clear 
—and every person has difficulty at times in expressing himself—it is the auditor 
who fails to understand and who thus forces the speaker to a greater semantic 
precision if he is to be comprehended.” 

Of course, if the speaker is autistic, and therefore by definition disposed to 
sacrifice the auditor’s convenience to his own, then the force of the auditor js 
diminished in its influence on the speaker’s semantic and linguistic changes. With 
this diminution of the auditor’s influence, the autistic person can save much effort 
in his speech by using more freely the mechanisms of semantic and linguistic change 
in which meanings and words are altered, coined or eliminated. Yet neither the 
desire to economize in speech nor the use of semantic or linguistic changes are in 
themselves abnormal. The abnormality of the autistic person lies only in ignoring 
the other fellow; that is, it lies in his disregard of the social obligation to make 
only those changes which are socially acceptable in the sense that they are both 
understandable and serviceable in the group. 

Naturally, once the autistic person pursues his own linguistic and semantic 
paths of least effort, the result may well appear to his perplexed auditor as a dis- 
order of meanings, or even as a disorder of association. Yet the autistic speaker 
in making his own language, without the nuisance of satisfying the auditor’s needs, 
may employ the same principles of linguistic and semantic change as does the normal 
person, though not with the same care to insure community acceptance. 

It is not difficult to fathom the impulse of the autistic person toward establishing 
his own meanings. Standard speech is often enough arbitrary and nonsensical in 
its symbolization. An odd assortment of meanings is frequently subsumed under 
one word, such as “‘the rose,” “I rose,” “my daughter Rose,” or “I bear,” “the 
bear,” “bare legs.” To be born into a world in which people use words in this 
fashion is clearly to be born into a verbally illogical world. But the world is not 
merely verbally illogical; to the autistic person it is “‘coercively” so, since he must 
both accept the verbal nonsense and play ball with it as a prerequisite of participating 
in society. Illogicality is wasteful of effort ; logic is recommended for its economy 
of mind. The language of mathematics and natural science is recommended on the 
grounds of a greater logicality, though of course explicit definition or empiric veri- 
fiability are offered to the “other fellow” so that he may follow. Designers of 
artificial international languages, such as Esperanto, openly proclaim the need of 
a greater logic of speech for the sake of an easier understanding among people; yet 
these persons, too, labor scrupulously on explicit definitions so that the “other 
fellow” will be both able and willing to understand. However, in view of the labor 
of explicit definition, and the like, which is required by the need for a social under- 
standability of language, one can see how an autistic person, in dodging the effort, 
not only becomes freer but needs to work less in devising his new and more logical 
language. 


18. A semantic change is socially serviceable when it saves more effort in expression than 
would be the case without the change. The same applies to linguistic change. 
19. For a more detailed discussion, see Zipf,!! pp 
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Any one can build a new language that is more consistent if he ignores the 
“other fellow.” For example, given the word “tune,” meaning a “kind of noise,” 
then “Neptune” is the kind of noise that Nep makes; if this “noise” is the surf, 
then Nep is the sea. And as with the morpheme tune, so, too, with other morphemes. 
Given the words “cat” and “catnip,” one can see how catnip may nip the cat. It 
can be seen that “‘mother’’ and “smother” are related, that “smother” may mean “‘to 
be nice to babies” or that “it isn’t really catnip, because you see that cats like it.”’ *° 

One clever, subtle and secretive paranoid woman known by one of us (J. C. W.) 
used to speak with a smile of “airplane messages.” At least that was the way the 
auditors always understood, or rather misunderstood. The nurses even watched for 
airplanes flying over to see how she took the messages. One day she condescended 
to explain her meaning. The term was “air-plain messages,” meaning “plain as 
air,’ a meaning that was, in fact, not plain at all except to the initiated, for air 
signifies to the uninformed practically nothing, and even the existence of air as a 
substance is only appreciated through subtle and involved experimentation. Hence, 
“air-plain messages” are the very reverse of “plain” and require extraordinary 
subtlety for their apprehension. It is of some interest, in this connection, that this 
same patient devised a special secret alphabet in which she used to write or draw 
on large sheets of paper a whole “newspaper” with headlines and display adver- 
tisements and a society column, all for her sole and secret enjoyment. 

In thus fabricating a new language, the autistic person is not necessarily con- 
fusing the word with reality any more than is the person who coined the words 
“lockjaw,” “can opener” or “fireplace.” Nevertheless, to be arbitrary and indi- 
vidualistic in selecting what is to be named in all of experience, and how it is to 
be named and how it is to be compared generically with other named things, is 
ineffective if one wants the advantages that accrue to social life.** The distortion 
of meanings represents an economy of mind, but it is an autistic economy that 
remains radically different from that of normal social speech. 

If we return now to the case of Helen B., we may say that the appear- 
ance of this autistic characteristic in the speech of this patient with paranoid 
schizophrenia, as expressed in the steep, straight slope of her speech curve, leads 
us to a certain problem that is connected with our previous tool analogy. After 
all, the uses of words and the uses of tools are analogous. We may ask, there- 
fore, whether the autistic trend in speech usage, with its distortion of meaning, 
is but a particular manifestation in the speech process of a general difficulty in 
handling all kinds of tools, including word tools. In short, does a schizophrenic 
person have difficulty in using hammers, nails, saws and masses of materials? 
Does he try to alter autistically the uses of tools and materials? Does he try to 
rearrange their uses in accordance with his own point of view? If he does, he 
may run into difficulties with the actual world. 

According to the observations of Cameron,** reported in a brilliant paper on 
schizophrenic thinking in problem solving, the schizophrenic person shows an 
overinclusion of environmental and imaginal material in the problem itself. Thus, 
there seems to be a resistance to the acceptance of the tester’s delimitation of the 
problem. Moreover, the schizophrenic subjects called for “changes in the rules 


20. Much will depend on the particular morphemes selected as the fundamental units on the 
basis of which the “more logical” language is developed. 

21. For discussion of a word as a name of a frequently used category of experience, see 
Zipf,11 pp. 267-271. 

22. Cameron, N.: Schizophrenic Thinking in a Problem-Solving Situation, J. Ment. Sc. 
85:1012-1035, 1939, 
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of procedure and in the materials, and declared the situation to be inadequate 
instead of themselves.” Cameron reported: 

Generalizations were numerous; and shifts from one hypothesis to another occurred without 
evidence of an unusual difficulty. The generalizations were unsuccessful [in solving th 
problem as set by the tester] because they were (a) too broad, (b) too involved, or (c) too 
entangled with personal problems and phantasies, or (d) because the language structure was 
so disorganized that it could neither function as social communication, nor serve as a basis 
for the patient’s own performance. Moreover, (¢) the generalizations, even when quite correct, 
often did not lead to any corresponding act.?2 


In short, the patients had trouble in organizing materials and conceptual tools. 
The patients’ “distortions” of material and situation seem to have been comparable 
to “distortions” of word usages. 

SUMMARY 

1. We have shown that in standard language usage the frequency of occur- 
rence of the different words in a given sample is mathematically related to the 
ranks of the words when arranged in order of decreasing frequency, this mathe- 
matical relation being a close approximation to an equilateral hyperbola. 

2. Utilizing this criterion, by means of its straight line expression on loga- 
rithmic graphs, we have studied the language behavior of a child (reported by 
Uhrbrock) and also the speech production of 3*psychiatric patients with different 
types and durations of psychoses, as exhibited in spontaneously written personal 
letters. We found that the curves for all subjects approximated roughly the 
equilateral hyperbola but that certain significant deviations therefrom character- 
ized the different subjects. 

(a) In the intimate personal letters of the patients (as also in considerable 
control material from personal letters of normal persons) the 10 most common 
words (essentially articulatory words) were used with considerably less frequency 
than in more formal discourse directed toward several persons, probably because 
there was less need for explanatory and definitive terms. ‘This phenomenon was 
shown on the graphs by a bend toward the left at the top, here called the “top 
concavity.” 

(b) The child’s language production curve was characterized by a slight gen- 
eral concavity, or slightly bow-shaped distribution, the bend (or region of greatest 
excess frequency) occurring about the region of words of the thirtieth or fiftieth 
rank. 

(c) One of the patients, who had a brief schizoaffective type of illness, and 
who has shown before, during and after her psychotic periods a childishly depen- 
dent attitude toward parent surrogates, showed in her language behavior graphs 
a slight general concavity comparable to that of the child, with the principal bend 
occurring usually about the region of the fiftieth to the one-hundredth rank. This 
patient’s graph showed also a consistent downward bend at ranks 11, 12 and 13. 

(d) A paranoid patient showed in his language behavior some small irregular 
deviations, not very constant from one sample to another. 

(e) A patient with paranoid schizophrenia showed in her language behavior 
graph a rigidly systematic deviation from the normal curve in the direction of a 
consistent, straight and uniform steepness, interpreted by us as an expression of 
an autistic speech tendency. 

3. As a tentative working hypothesis, we have interpreted our data in terms 
of opposing tendencies to repetitiousness and to diversification, which we have 
derived from considerations of economy and convenience; the tendency to repeti- 
tiousness tends to increase frequency of use and to diminish the number of dif- 
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ferent words, whereas the tendency to diversification tends to increase the 
number of different words and to diminish the relative frequency, the net resultant 
being a relatively steady proportionality, represented in the equilateral hyperbola. 
These two hypothetic tendencies have further been illustrated in terms of an 
analogy with a set of mechanical tools, and our quantitative data have been 
interpreted in the light of these tendencies and this analogy. 

4. We have indicated the hypothetic possibility that these two tendencies are 
equivalent to the consideration of egocentric and allocentric convenience respec- 
tively. When we interpreted this type of verbal egocentricity as autism, we found 
that the material of the patient with paranoid schizophrenia was definitely autistic 
as compared with all the other material presented. 

5. We have further pointed out how an autistic person could go astray into 
a distortion of meanings by employing the normal mechanisms of linguistic and 
semantic changes for his own ease, without bothering to meet the normal prere- 
quisite of a social serviceability and a social understandability as necessary for 
all linguistic and semantic innovations, and that he might then find himself thereby 
verbally and conceptually handicapped in attempting to solve “neutral problems” 
set by a tester, and also in dealing with real problems in an actual world. 


ORAL AND INTRAVENOUS DEXTROSE TOLERANCE 
CURVES OF PATIENTS WITH MANIC- 
DEPRESSIVE PSYCHOSIS 


E.. F. GILDEA, M.D. 


V. L. McLEAN, B.A. 
AND 
E. B. MAN, Px.D. 


NEW HAVEN, CONN. 


There are many reports in the literature demonstrating wide variations in oral 
dextrose tolerance curves for ‘normal’ persons. Similar variations when found 
in mentally ill patients continue to be called abnormal in the psychiatric literature.” 
McFarland and Goldstein * have reviewed most of the older literature, and such a 
survey will not be repeated here. Recently Lozner, Winkler, Taylor and Peters ™ 
have reemphasized the variations in oral dextrose curves and suggested that much 
of the controversy concerning tolerance for carbohydrate in specific diseases would 
be resolved if a standard intravenous test were universally adopted. The present 
report is concerned with a reinvestigation of the values for intravenous dextrose 
tolerance curves of 30 patients with manic-depressive psychosis. For 19 of these 
patients a comparison of the curves following the oral and the intravenous admini- 
stration of dextrose has been made. 


METHODS AND MATERIAL 


The procedure for the intravenous dextrose tolerance test was essentially the same as that 
employed in the experiments of Lozner, Winkler, Taylor and Peters.12 Patients were in a 
postabsorptive state. After the fasting blood sample was taken, 50 cc. of a 50 per cent solu- 
tion of dextrose was injected intravenously during a period of five minutes. After this, 
samples of blood were taken at intervals timed from the end of the injection. 

In the oral tolerance tests the patient either drank or was given by stomach tube 250 cc. 
of a solution containing at least 50 Gm. of dextrose. If the subject weighed more than 
50 Kg., 1 Gm. of dextrose per kilogram of body weight was ingested. 


From the Department of Psychiatry, Yale University School of Medicine. 

This investigation was aided by a grant from the Knight Fund and the Fluid Research 
Fund of the Yale University School of Medicine. 

1. (a) Lozner, E. L.; Winkler, A. W.; Taylor, F. H. L., and Peters, J. P.: The Intra- 
venous Glucose Tolerance Test, J. Clin. Investigation 20:507, 1941. (b) Friedenson, M.; 
Rosenbaum, M. K.; Thalheimer, E. J., and Peters, J. P.: Cutaneous and Venous Blood 
Sugar Curves: I. In Normal Individuals After Insulin and in Liver Disease, J. Biol. Chem. 
80:269, 1928. (c) Freeman, H.; Looney, J. M., and Hoskins, R. G.: Spontaneous Vari- 
ability of Oral Glucose Tolerance, J. Clin. Endocrinol. 2:431, 1942. (d) Lennox, W. G:: 
Studies of Metabolism in Epilepsy: The Sugar Content of the Blood, Arch. Neurol. & Psy- 
chiat. 18:383 (Sept.) 1927. 

2. McCowan, P. K., and Quastel, J. H.: Blood Sugar Studies in Abnormal Mental 
States, J. Ment. Sc. 77:525, 1931. Marshall, J. K.: Disturbances of Glucose Tolerance and 
of Acid-Base Equilibrium in Manic-Depressive Insanity, ibid. 85:222, 1939. Tod, H., and 
Jones, M. S.: Studies on Carbohydrate Metabolism in Nervous and Mental Disorders: 
II. A Comparison of the Hyperglycemic Index and Choline Esterase Activity in Anxiety 
and Depressive States, Edinburgh M. J. 44:46, 1937. Schou, H. I.: Alimentary Hyper- 
glycemia in Manic-Depressive Psychosis, Acta psychiat. et neurol. 10:565, 1935. 

3. McFarland, R. A., and Goldstein, H.: The Biochemistry of Manic-Depressive Psy- 
chosis, Am. J. Psychiat. 96:21, 1939. 
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As in the investigation of Lozner, Winkler, Taylor and Peters,1@ the blood proteins were 
precipitated by the Somogyi zinc sulfate method,* and the filtrate was analyzed for the sugar 
content by a modification of Benedict’s macromethod® with the use of Rothberg and Evans’ 
tubes.6 Usually three or more days were allowed to elapse between repeated oral and intra- 
yenous tests. 

The patients were fed ward diets which contained considerable amounts of carbohydrate, 
but were adequate also in fats, proteins and vitamins. In some cases tube feedings were 
necessary to maintain caloric intake. Attempts were made to alter the oral dextrose curves 
by high fat diets. The patients complained so bitterly that the diets were not continued for 
more than two weeks. 

The behavior of each patient, particularly with regard to mood and amount of activity, 
was studied, and an attempt was made to correlate these observations with the variations in 
the dextrose tolerance curves. The underactive patients were kept in bed during the test, 
except for a brief trip to the toilet if requested. Most of the agitated patients also remained 
in bed, but a few manic or very agitated persons were allowed to pace about in their rooms. 
All the patients were severely ill, being sufficiently depressed, manic or agitated to require 
special nursing care in order to prevent suicide or to control overactivity. 


DATA 

In figure 1 the intravenous dextrose tolerance curves are compared with the 
data of Lozner, Winkler, Taylor and Peters.** The upper and lower solid lines 
represent the maximum and minimum values for 60 normal subjects studied by 
them, except for the values at the second and third hour intervals after administra- 
tion of dextrose, when their statistical figures for the normal range were employed. 
In evaluating their results for the patients, these authors treated their data for the 
two hour interval statistically. Instead of using maximum and minimum values, 
they considered as outside the normal range any individual value differing from 
the mean normal value by an amount greater than three times the standard deviation. 
Two hours after administration of dextrose their mean value was 78.8 mg. per 
hundred cubic centimeters, with the standard deviation + 7.2 mg., 65 to 99 mg. per 
hundred cubic centimeters being considered as the statistical normal range. If only 
minimum and maximum values are used as criteria, the normal range would be 65 
to 90 mg. per hundred cubic centimeters. Three hours after administration of 
dextrose the minimum value was 67 mg., the maximum value 81 mg., the arithmeti- 
cal mean 75.5 mg., the standard deviation + 5 mg. and the statistical normal range 
60 to 91 mg. per hundred cubic centimeters. 

In figure 2 oral dextrose tolerance curves are compared with the data of 
Friedenson, Rosenbaum, Thalheimer and Peters.’*? The lower and upper solid lines 
represent the minimum and maximum values for their 10 subjects after the ingestion 
of 50 Gm. of dextrose, except for the maximum value two hours after administra- 
tion of dextrose. With the exception of a blood sugar of 125 mg. per hundred 
cubic centimeters for 1 subject, the maximum value was 88 mg. per hundred cubic 
centimeters. Foster *; Gilbert, Schneider and Bock,* and Hamman and Hirsch- 
man’ found that the sugar level of venous blood usually returns to normal two 


4. Somogyi, M.: A Method for the Preparation of Blood Filtrates for the Determination 
of Sugar: I. Effect of Zinc Salts upon Reducing Non-Sugars, J. Biol. Chem. 86:655, 1930. 

5. Benedict, S. R.: The Estimation of Sugar in Blood and Normal Urine, J. Biol. Chem. 
68:759, 1926. 

6. Rothberg, V. E., and Evans, F. A.: A Modified Folin and Wu Blood Sugar Method, 
J. Biol. Chem. 58:443, 1923. 

7. Foster, G. L.: Studies on Carbohydrate Metabolism: I. Some Comparisons of Blood 
Sugar Concentrations in Venous Blood and in Finger Blood, J. Biol.Chem. 55:291, 1923. 

8. Gilbert, M.; Schneider, H., and Bock, J. C.: Blood Sugar Studies, J. Biol. Chem. 
67:629, 1926. 
(Nov.) 1917. 

9. Hamman, L., and Hirschman, I. I.: Studies on Blood Sugar, Arch. Int. Med. 20:761 
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extremes of the blood sugar levels for 60 normal persons studied by Lozner, Winkler, Taylor 
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hours after the administration of dextrose. It would seem, therefore, that a sugar 
content of 100 mg. per hundred cubic centimeters of blood would best represent the 
maximum level two hours after the administration of dextrose, and this value was 
used in drawing the normal curve. 

It is usually considered that the blood sugar rises at least to 130 mg. per 
hundred cubic centimeters at some time after the ingestion of dextrose. In 
Foster’s 7 studies there was a definite increase in blood sugar. Gilbert, Schneider 
and Bock * found the maximum rise between fifteen and forty-nine minutes after 
the administration of dextrose. Although the minimum line on the graph agrees 
with the data of Hamman and Hirschman,’ the low values are uncommon for normal 
persons during the first hour of an oral dextrose tolerance test. The average 
values found by Friedenson, Rosenbaum, Thalheimer and Peters,’? which are 
represented on the graph by a broken line, probably constitute the “normal” 
response to ingestion of dextrose. In the figure, crosses (+) have been used to 
designate the oral blood sugar values which remained high for longer than the 
normal time. 

In the table are given the data on patients for whom both an intravenous and 
an oral dextrose tolerance curve were obtained. For 1 subject (patient 18) two oral 
but no intravenous studies were made. The psychotic state of each patient during 
hospitalization is noted briefly in the column at the right. Only 1 subject (patient 
18) showed pronounced changes in clinical symptoms at the times of two different 
dextrose tolerance tests; therefore no attempt has been made to describe the exact 
state of the patient on the day of each test. The patients are arranged in groups. 
In group I are 4 patients with normal oral and intravenous dextrose tolerance 
curves. In group II are 11 patients, 10 of whom had flat oral curves; the last 5 
patients had rapid diminution of the blood sugar after intravenous injection of 
dextrose. In group III are 5 patients with prolonged oral dextrose tolerances. 
The flat curves are designated by F, and the prolonged curves by P. The table does 
not include data on intravenous dextrose tolerance tests performed on 11 patients 
who did not also have oral dextrose tolerance tests. However, the results of all 
intravenous dextrose tolerance tests have been included in figure 1. 


RESULTS 

Thirty-four intravenous dextrose tolerance curves were studied for 30 patients 
with manic-depressive psychosis. Dots represent the sugar values determined at 
intervals after the injection of dextrose. As can be seen in figure 1, in 32 of the 34 
curves taken one hour after the injection of dextrose the blood sugar values were 
within the minimum and maximum ranges for normal subjects, i. e., between 70 and 
148 mg. per hundred cubic centimeters of blood. In this figure, as well as in 
figure 2, it is impossible to designate the total number of determinations at any 
given time because frequently two or three determinations of the blood sugar on 
different patients gave identical results. 

For only 24 of these curves were determinations of the blood sugar made two 
hours after the administration of dextrose. In 19 of these 24 curves the sugar 
values were within the normal range of 66 to 99 mg. per hundred cubic centimeters. 
Three curves (patients 16, 8 and another not indicated in the table) showed values 
below and 2 curves above the normal range. These high values (not included in 
the table) were found in the 2 patients who had blood sugars above the normal 
range one hour after administration of dextrose. Both these patients had symptoms 
of overactivity of the thyroid, with which a prolonged rise in blood sugar is often 
associated. On the whole, the data indicate that the removal of dextrose from 
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the blood is not retarded in patients with manic-depressive psychosis. It made no 
difference whether the patients were manic or depressed or had agitated depressions. 
Of the 30 subjects, 6 were manic, 18 were depressed and 6 had agitated depressions. 

Inspection of the intravenous dextrose tolerance curves suggests that the 
removal of dextrose from the blood stream may sometimes be accelerated in patients 
with manic-depressive psychosis. Five of 28 patients (the last patients in group II 
of the table) had blood sugar values at or below 105 mg. per hundred cubic centi- 
meters thirty minutes after the administration of dextrose. In the studies of Loz- 
ner, Winkler, Taylor and Peters,'* only 7 of 52 normal subjects had a sugar con- 
tent below 105 mg. per hundred cubic centimeters of blood one-half hour after 
the administration of dextrose. Three patients, none of whom was identical with 
the 5 patients with low sugar values one-half hour after administration of dextrose, 
had blood sugar values of 58, 59 and 61 mg. per hundred cubic centimeters two 
hours after administration of dextrose, values below the minimum level of 65 mg. 
per hundred cubic centimeters. No specific symptom accompanied the rapid fall 
in blood sugar of these 8 patients. Patient 16, a woman aged 29, was so overactive 
and manic that she had to be placed in a dry pack for each venipuncture ; patient 
12, a woman aged 25, was depressed and somewhat agitated, and patient 14, a man 
aged 60, was depressed and apathetic. Patient 11, a man aged 30; patient 8, a 
man aged 41; patient 13, a man aged 24; patient 15, a woman aged 30, and a woman 
aged 29, not indicated in the table, were cooperative but depressed. None of these 
patients had a notable loss of weight before ihe dextrose tolerance tests were made. 

In figure 2 are graphically represented 30 oral dextrose tolerance curves for 
20 patients with manic-depressive psychosis. As indicated in the table, of these 20 
patients, 4 were manic, 10 were depressed and 6 had agitated depressions. Their 
symptoms bore no relation to the behavior of the oral dextrose tolerance curve. In 
this figure it can be seen that 6 patients, two hours after administration of dextrose, 
had sugar values between 116 and 169 mg. per hundred cubic centimeters, a distinct 
elevation above 100 mg. per hundred cubic centimeters. In the last section of the 
table are grouped the data on 5 of the patients who showed these prolonged curves, 
including a curve for patient 16, for whom the maximum rise to 136 mg. per 
hundred cubic centimeters did not occur until an hour and a half after the ingestion 
of dextrose. Of these subjects, patient 17 was a man 64 years of age. Since a 
prolonged increase in blood sugar sometimes obtains in elderly patients, little 
significance can be attached to the two prolonged oral dextrose tolerance curves for 
this patient. 

All 5 subjects, except patient 16, had been admitted to the psychiatric wards 
more than three days before the tolerance tests were performed and had eaten at 
least fairly well during the forty-eight hours before the test. Patient 16 was 
admitted only twenty-four hours before the initial normal oral dextrose tolerance 
test. She was talkative and overactive and so uncooperative that it was necessary 
to administer the Gextrose by stomach tube. However, the oral curves for this 
patient which were prolonged were obtained on subsequent dates, September 28 and 
October 19, when the patient had been hospitalized for some time and after daily 
special feedings had been administered. The prolonged curves, therefore, cannot 
be considered as due to carbohydrate deficiency prior to the dextrose tolerance 
test. 

It is apparent from the data in the table that all 4 patients who had prolonged 
oral dextrose tolerance curves and were studied with both oral and intravenous 
tests did not have prolonged intravenous curves, in spite of prolonged oral curves. 
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The length of the oral curve is therefore attributable to irregularities in absorption 
of dextrose from the gastrointestinal tract, rather than to impairment in the removal 
of dextrose from the blood stream. 

Of the 4 subjects (patients 16, 17, 18 and 20) who had prolonged oral dextrose 
tolerance curves and on whom more than one oral test was made, only 1 (patient 
18) had symptoms of clinical improvement at the time of the final oral dextrose 
tolerance test. This oral curve when she was improved, was normal; the earlier 
oral curve, when she was seclusive and depressed, had been prolonged. 

In contrast to the prolonged oral dextrose tolerance curves, 10 patients had 14 
“flat” oral tolerance curves (table). This fact can be observed graphically in figure 
2 by noting the number of determinations which fell below the average values 
found by Friedenson and associates ' one-half and one hour after the ingestion of 
dextrose. These low values corroborate the foregoing conclusion that in the manic- 
depressive patient removal of carbohydrate from the blood stream is not retarded. 


COMMENT 

The absence of prolonged intravenous dextrose tolerance curves for manic- 
depressive patients was somewhat unexpected because earlier oral tests on such 
patients had not infrequently yielded prolonged curves. This observation is, 
however, in accordance with the data of Bowman and Kasanin'® and of White- 
horn." These investigators found that in patients with mental disease the fasting 
blood sugar was usually within normal limits. This was true even when the 
patients exhibited symptoms of profound emotional excitement. 

Of the 5 patients in this series with prolonged oral dextrose tolerance curves, 
1 (patient 16) was given paraldehyde on the evenings before the tests on Sep- 
tember 28 and October 19. One may think of the possibility that such sedation 
delayed absorption of dextrose from the gastrointestinal tract. We are not 
aware of any clinical experience or note in the literature with respect to the effect 
ef paraldehyde on the motility of the gastrointestinal tract. 

Since the other 4 patients with prolonged oral dextrose tolerance curves had 
barbiturates on the evenings preceding some of the tests and no sedation at other 
times, the length of the curve does not seem to be associated with the use of these 
drugs. To be specific, patient 19 had no sedation, and patient 17 had 10 grains 
(0.65 Gm.) of barbital the evening before September 19 and no sedation the eve- 
ning before November 14, although the tests on both these days gave prolonged 
curves. Patient 18 had no sedation the evening before the prolonged curve was 
obtained, but did have 3 grains (0.195 Gm.) of sodium amytal on the evening 
before the normal curve was taken. Patient 20 had 10 grains (0.65 Gm.) of 
barbital each evening before the test. 

In discussion of the results, it was stated that 3 patients, 8, 16 and another, 
had blood sugar values of 58, 61 and 59 mg. respectively per hundred cubic centi- 
meters two hours after the intravenous injection of dextrose. These are values 
below the minimum found for normal subjects—65 mg. per hundred cubic centi- 
meters. Little emphasis can be placed on these 3 low values because Lozner, 
Winkler, Taylor and Peters’ found occasional instances of hypoglycemia in 
normal subjects. These authors, as well as Wilder ‘* also found that the three 


10. Bowman, K. M., and Kasanin, J.: The Sugar Content of the Blood in Emotional 
States, Arch. Neurol. & Psychiat. 21:342 (Feb.) 1929. 
11. Whitehorn, J. C.: The Blood Sugar in Relation to Emotional Reactions, Am. J. 


Psychiat. 90:987, 1934. 
12. Wilder, R. M.: Clinical Diabetes Mellitus and Hyperinsulinism, Philadelphia, W. B. 
Saunders Company, 1940. 
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hour intravenous dextrose tolerance test was of limited value in the diagnosis of 
pathologic hypoglycemia. These 3 low values are of some interest, however, in 
connection with other observations. Five of 28 manic-depressive patients, but 
only 7 of the 52 normal subjects studied by Lozner and his co-workers, had 
blood sugars below 105 mg. per hundred cubic centimeters of blood one-half hour 
after intravenous injection of dextrose. Ten of 20 patients had flat oral dextrose 
tolerance curves. There may be a connection between these low blood sugars and 
the fact that an exacerbation of manic-depressive symptoms is usually accompanied 
by loss in body weight. However, our data are insufficient for the formulation of 
any definite hypothesis. 

These spontaneous variations in oral dextrose tolerance curves were not pre- 
vented by standard diets. Soisalo'* has reported similar experiences. Variations 
in the oral curves did not correspond with any special disorder in emotional status. 
These observations are similar to those of Katzenelbogen and Muncie,'* but do 
not agree with those of Diethelm,'® who found some correlation between the 
character of the oral sugar tolerance curves and the patient’s emotional status. 


CONCLUSIONS 


In none of the 34 intravenous dextrose tolerance curves obtained on 30 manic- 
depressive patients were high blood sugar values exhibited two hours after the 
intravenous injection of dextrose, except for 2 curves for patients who also had 
symptoms of overactivity of the thyroid. The 32 curves which were not pro- 
longed demonstrate that the removal of sugar from the blood stream is not 
retarded in manic-depressive patients. 

In 6 of 30 oral dextrose tolerance curves obtained on 20 manic-depressive 
patients, the sugar was elevated decidedly above 100 mg. per hundred cubic centi- 
meters of blood two hours aiter the ingestion of sugar. These prolonged oral 
dextrose tolerance curves were observed for patients who had normal intravenous 
dextrose tolerance curves. It may be concluded that abnormal oral dextrose 
tolerance values for manic-depressive patients are attributable to delayed absorp- 
tion of dextrose from the gastrointestinal tract and cannot be accepted as evidence 
of an intrinsic disorder of carbohydrate metabolism. 


Yale University School of Medicine. 

13. Soisalo, P.: On the Blood Sugar Curve in Healthy Persons, Acta med. Scandinav., 
1930, supp. 34, p. 184. 

14. Katzenelbogen, S., and Muncie, W. S.: Studies of Blood Sugar Curves in Mental 
Disorders, J. Nerv. & Ment. Dis. 82:162, 1935. 

15. Diethelm, O.: Influence of Emotions on Dextrose Tolerance, Arch. Neurol. & Psy- 
chiat. 36:342 (Aug.) 1936. 
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SYNDROME OF INVOLVEMENT OF THE POSTERIOR 
CORD OF THE BRACHIAL PLEXUS 


RUSSELL N. DeJONG, M.D. 
ANN ARBOR, MICH. 


The motor and sensory changes that result from most varieties of injury to the 
brachial plexus are well known. The clinical picture seen in the upper arm type 
of involvement, or Erb’s paralysis, or the Erb-Duchenne syndrome, and that seen 
in the lower arm type, or the Dejerine-Klumpke syndrome, have been described 
on many occasions, as has total palsy of the brachial plexus. Less clearly defined, 
however, are those syndromes which may be produced by injury to the secondary 
divisions, or cords, of the plexus. Tinel' merely mentioned the possibility that 
these may be injured and stated that the syndrome of the posterior secondary 
trunk is characterized by complete paralysis of the circumflex and musculospiral 
nerves. Pollock and Davis? stated that lesions of the secondary cords are encoun- 
tered infrequently and that injury to the posterior cord results in paralysis of the 
muscles supplied by the radial and axillary nerves. The clinical picture resulting 
from a lesion of the posterior cord (fasciculus posterior) is described in the follow- 
ing case. 

REPORT OF A CASE 


A business man aged 39 slipped and fell while walking across a log on a hunting trip. 
In attempting to break the fall, he struck the left shoulder against a pole and suffered an 
anterior dislocation of the shoulder. A wrist drop was noticed immediately. He consulted 
his local physician at once, and the shoulder was replaced. For two or three days the patient 
noticed severe pain in the region of the shoulder, but not after that. He continued to have 
weakness of the extensor muscles of the wrist and hand and also weakness of extension 
at the shoulder. He had slight loss of sensation over the lateral aspect of the upper portion 
of the arm. There were some swelling and increased perspiration of the hand. 

On examination two weeks after the injury, the patient had complete paralysis of extension 
of the shoulder, elbow, wrist and fingers on the left side. The arm hung loosely at the 
shoulder, and there was loss of abduction and extension, of forward and backward movement 
and of both internal and lateral rotation of the shoulder. On attempts to abduct the arm the 
patient shrugged his shoulder and tilted his body to the right. He was unable to extend 
the forearm, wrist or fingers, and there was a complete wrist drop. There was weakness 
but not complete loss of grip. Abduction and extension of the thumb were absent. The hand 
was held in pronation, with definite weakness of supination. There was atrophy of the deltoid 
and posterior axillary muscles, and to a lesser extent of the triceps and the extensor muscles 
of the hand. The triceps, deltoid and radial periosteal reflexes were absent. The biceps 
reflex was active. There was a circumscribed area of anesthesia over the lateral aspect of 
the upper portion of the arm just below the shoulder, but no other sensory changes could be 
demonstrated. The fingers and hand were swollen, and the skin was moist and cyanotic. 

The patient also showed evidence of secondary contractures and periarticular adhesions, 
both of the shoulder and of the hand. These were broken up by manipulation, with the patient 
under anesthesia, with resulting gain in range of motion, followed by slow, but progressive, 
improvement in function. When the patient was last seen, thirteen months after the injury, 
the principal residuals consisted of weakness of the extensor muscles of the fingers and thumb. 
There had been complete return of function in the muscles of the shoulder and the upper part 
of the arm, and the patient was able to extend the forearm and wrist. 

From the Department of Neurology, the University of Michigan Medical School and 
University Hospital. 

1. Tinel, J.: Nerve Wounds, New York, William Wood & Company, 1917, p. 222. 

2. Pollock, L. J., and Davis, L.: Peripheral Nerve Injuries, New York, Paul B. Hoeber, 
Inc., 1933, p. 400. 
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The posterior cord (fasciculus posterior) of the brachial plexus is supplied by 
fibers originating from the anterior rami of the fifth, sixth, seventh and eighth 
segments of the cervical portion of the spinal cord, and probably of the first dorsal 
segment. It is formed by fusion of the posterior divisions of the lateral (upper), 
middle and medial (lower) trunks of the plexus. From the posterior cord 
originate the thoracodorsal nerve (nervus thoracodorsalis), the upper and lower 
subscapular nerves (nervi subscapulares), the axillary nerve (nervus axillaris) 
and the radial nerve (nervus radialis). The upper, or short, subscapular nerve 
supplies the subscapular muscle, which brings about medial rotation of the humerus 
when the arm is vertical and draws forward the humerus when the arm is in 
abduction. The lower subscapular nerve supplies the teres major muscle, which 
extends and adducts the arm and rotates it medially; it also supplies part of the 
subscapular muscle. The thoracodorsal, or long subscapular, nerve supplies the 
latissimus dorsi muscle, which adducts and extends the humerus and rotates it 
internally. The axillary, or circumflex, nerve supplies the deltoid and the teres 
minor muscle. The deltoid muscle is the principal abductor of the humerus; it 
raises the arm to the horizontal position and also aids in forward and backward 
movement of the humerus. The teres minor muscle rotates the humerus laterally 
when the arm is in the vertical position and draws the humerus backward when 
the arm is in the horizontal position. It is an abductor and an external rotator. 
The axillary nerve also has a cutaneous branch, the lateral brachial cutaneous 
nerve, which supplies the skin over the lateral surface of the upper half of the arm. 

The radial, or musculospiral nerve is the largest of the nerves which come 
off from the posterior cord of the brachial plexus and is in reality a continuation 
of the cord. It supplies the extensors of the forearm, wrist and fingers. The 
largest muscle which it supplies is the triceps, which is the extensor of the fore- 
arm on the upper part of the arm; it also acts to draw the entire arm backward. 
Functioning with the triceps and assisting it in extension of the forearm is the 
anconeus muscle. The radial nerve supplies the brachioradialis, or supinator 
longus, muscle, which flexes the arm and brings about slight supination, and the 
brachialis muscle, which is one of the flexors of the forearm, but the latter muscle 
derives its principal supply from the musculocutaneous nerve. ‘The radial nerve 
supplies the extensor muscles of the wrist, hand and fingers, namely, the extensor 
carpi radialis longus, the extensor carpi radialis brevis, the extensor digitorum 
communis, the extensor digiti quinti proprius, the extensor carpi ulnaris and the 
extensor indicis proprius. The extensor carpi radialis longus extends the hand 
and brings about slight abduction ; the extensor carpi radialis brevis is an extensor 
of the hand; the extensor digitorum communis extends the phalanges of the sec- 
ond, third, fourth and fifth fingers, and secondarily brings about extension of the 
hand; the extensor digiti quinti proprius causes extension of the little finger ; 
the extensor carpi ulnaris causes extension and adduction of the hand, and the 
extensor indicis proprius extends the index finger. The extensor pollicis longus, 
the extensor pollicis brevis and the abductor pollicis longus, three muscles of the 
thumb, are also supplied by the radial nerve. The long abductor muscle causes 
abduction and slight extension of the thumb and abduction of the hand; the 
extensor pollicis brevis brings about abduction of the thumb and extension of the 
first phalanx, and the extensor pollicis longus brings about extension of the ter- 
minal phalanx and extension and slight abduction of the thumb. Finally, the 
radial nerve also supplies the supinator muscle (supinator radii brevis), which 
brings about supination of the hand. The cutaneous branches of the radial nerve 
are the medial brachial cutaneous, the posterior brachial cutaneous and the dorsal 
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antibrachial cutaneous, which supply areas over the arm and forearm areas which 
are also supplied to a certain extent by the ulnar and median nerves. The super- 
ficial radial nerve, through a lateral terminal branch, supplies portions of integu- 
ment over the radial side of the thumb and the thenar eminence not supplied by 
other nerves of the forearm, and, through a medial terminal branch, supplies 
portions of the index and middle fingers which are also supplied by other cutaneous 
nerves. 
COMMENT 

In the case reported here there was evidence of involvement of the posterior cord 
of the brachial plexus. There were complete involvement of the axillary nerve, 
with paralysis of the deltoid and the teres minor muscle and paralysis of the 
subscapularis, the latissimus dorsi and the teres major muscle. As a result, there 
were loss of abduction, extension and internal and external rotation at the shoulder 
and loss of forward and backward movement of the arm. In addition, there was 
evidence of complete paralysis of the radial nerve, with wrist drop and paralysis 
of extension at the elbow, hand and wrist, paralysis of the thumb muscles and loss 
of supination. The outstanding atrophy was in the deltoid, although there was 
some atrophy of the triceps, the posterior axillary muscles and the extensors of 
the hand. The deltoid, triceps and radial reflexes were absent. Horner’s syndrome 
was not present, but there were some swelling and cyanosis and increased perspira- 
tion over the hand. There was no evidence of involvement of the rhomboid mus- 
cles or of the supraspinatus or infraspinatus muscle, and there was no weakness 
of the biceps. The sensory changes, which were in the distribution of the axillary 
nerve, were minimal, but with lesions of the brachial plexus the sensory loss 1s 
always much less than would be expected from the known cutaneous distribution 
of the nerves involved. The syndrome did not correspond to either the upper 
or the lower arm type of lesion of the brachial plexus, but showed evidence of 
involvement only of those muscles which are supplied by the branches of the 
posterior cord of the brachial plexus. 


University Hospital. 
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ENCEPHALOPATHY FOLLOWING INTRAVENOUS 
ADMINISTRATION OF ARSENICAL 
PREPARATIONS 


DAVID A. BOYD Jr, M.D. 
AND 
LOUIS NIE, M.D 


INDIANAPOLIS 


During the past vear 4 patients with encephalopathy following treatment with 
arsenical preparations were admitted to or seen in consultation by the neurological 
service of the Indianapolis City Hospital. In 2 cases the disease followed routine 
intravenous administration of neoarsphenamine and severe involvement of the 
central nervous system progressed to an early fatal termination. In the other 
2 cases the complication occurred during the course of five day massive mapharsen 
therapy and the clinical picture was also alarming, but the patients quickly recov- 
ered, without residual manifestations. The striking difference in the clinical course 
and termination in these cases led us to review the problem of disturbances of 
the central nervous system following intravenous administration of arsenical 
preparations. 


ENCEPHALOPATHY FOLLOWING ADMINISTRATION OF ARSPHENAMINE 

Since the first report, in 1911, of severe neurologic manifestations following 
the intravenous administration of arsphenamine, there have been numerous publi- 
cations concerned with this important, and often fatal, complication. Many facts 
with regard to the incidence and clinical manifestations have been established by 
Glaser and associates ' and Globus and Ginsburg,’? but some of the etiologic aspects 
and pathologic features are less well understood. In 158 cases? of involvement 
of the central nervous system it was found that the mortality rate was 76 per 
cent, and 1 case of fatal cerebral complication occurred in every 5,398 cases in 
which this drug was used in treatment. The involvement of the central nervous 
system most frequently (in 50 per cent) followed the second injection of the 
arsphenamine preparation, although cases were reported in which it followed the 
fifteenth dose. The neurologic disturbance occurred in either sex at any age; 
instances of the disorder have been reported in infants of 5 months * and in adults 
past 60 years of age. Severe involvement followed small doses, as well as large 
ones, and occurred after the use of arsphenamine, neoarsphenamine, sulfarsphen- 
amine and sodium arsphenamine. That the syndrome was not due to an accidental 

Read before the Academy of Pathological Science, the New York Medical College, Oct. 19, 
1942. 

From the Department of Neurology and Psychiatry, Indiana University School of Medicine 
and the Indianapolis City Hospital. 

1. Glaser, M. A.; Imerman, C. P., and Imerman, S. W.: So-Called Hemorrhagi 
Encephalitis and Myelitis Secondary to Intravenous Arsphenamine, Am. J. M. Sc. 189:64 


1935. 


2. Globus, J., and Ginsburg, S.: Pericapillary Encephalorrhagia Due to Arsphenamine, 
Arch. Neurol. & Psychiat. 30:1226-1247 (Dec.) 1933. 
3. Black, W. C.: Death from Hemorrhagic Encephalitis Following Treatment witl 


Sulpharsphenamine, Am. J. Dis. Child. 51:609-613 (March) 1936 
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toxic quality of the arsenical preparation was shown in 1 case‘ in which an 
ampule was divided between 2 patients, 1 of whom had toxic cerebral manifesta- 
tions and the other did not. At first the symptoms referable to the central nervoys 
system were attributed to an unusually severe Herxheimer reaction, with tissue 
poisoning from the liberated endotoxins of destroyed spirochetes. However, in 
the intervening years so many typical cases of the disorder have been reported 
in nonsyphilitic patients that syphilis is no longer believed to have any important 
etiologic role. 

The clinical features are also well known. The severe manifestations may 
develop within twelve to one hundred and forty-four hours after the administra- 
tion of the drug, but the usual time of onset is two and a half days after the 
injection. The initial symptom is usually intense headache, occurring a few hours 
after the injection and lasting one or two days, followed by vomiting, convulsions, 
mental disturbances and stupor. Numerous focal neurologic manifestations have 
been reported, and these vary widely. Globus and Ginsburg * attempted to define 
a clinical symptom complex which was characteristic, but found little beyond an 
array of signs and symptoms which could be caused by any widespread inflam- 
matory or degenerative disease of the central nervous system. 

Postmortem examination in cases of this syndrome revealed marked edema 
and congestion of the brain and multiple petechial hemorrhages, which coalesced 
to form large hemorrhagic areas throughout the white matter of the cerebrum, 
cerebellum, midbrain and pons. Because of these conspicuous hemorrhages the 
syndrome was named “hemorrhagic encephalitis” or “brain purpura.” Micro- 
scopic examination disclosed that the large hemorrhagic areas were made up of 
many small foci, which consisted of a dense ring of red blood cells, a clear, unstained 
center and a central capillary. These ring hemorrhages were considered the patho- 
logic characteristic of arsphenamine encephalopathy. The reason for the ring 
form of the hemorrhage was uncertain; some authors expressed the belief that 
the blood came from capillaries surrounding the central precapillary, while others 
said that the ring form was due to perivascular bleeding, the hemorrhage being 
subsequently carried outward to form a ring by the swelling of the tissue. 

Spielmeyer noted the similarity of these foci to those observed with malaria, 
pernicious anemia, burns and scarlet fever and called attention to the zone of 
perivascular necrosis about the central vessel and the wreath of neuroglia inter- 
posed between this zone and the outer ring hemorrhage. Alpers ° studied so-called 
hemorrhagic encephalitis in various disorders and expressed agreement with Spiel- 
meyer concerning the perivascular necrosis; he concluded that the hemorrhage 
was an unimportant feature. Both authors observed foci in which no hemorrhage 
had occurred and concluded that the perivascular necrosis was the outstanding 
feature, and Alpers suggested the name “medullary perivascular necrosis” for the 
condition. However, in none of his cases did this reaction follow the intravenous 
administration of arsphenamine. 

Although the hemorrhagic lesion was usually considered the typical patho- 
anatomic change associated with arsphenamine poisoning, occasional cases were 
reported in which hemorrhage was insignificant or absent. Russell® studied a 


4. Miller, M.: Four Types of Encephalitis, J. A. M. A. 97:161-164 (July 18) 1931. 

5. Alpers, B. J.: So-Called “Brain Purpura” or “Hemorrhagic Encephalitis,” Arch. 
Neurol. & Psychiat. 20:497-523 (Sept.) 1928. 

6. Russell, D. S.: Changes in the Central Nervous System Following Arsphenamine 
Medication, J. Path. & Bact. 45:357-366, 1937. 
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case in which only a few petechiae were noted, but there were numerous areas 
of perivascular nonhemorrhagic necrosis. She reported 2 other cases in which 
both hemorrhagic lesions and perivascular necroses were present and concluded 
that the nonhemorrhagic type was a less intense tissue reaction. More recently, 
Roseman and Aring* reported a case in which the changes were identical with 
those in Russell’s first case. 

The cause of such neuropathologic lesions is undetermined, although there are 
numerous theories regarding their origin. Practically all observers have agreed 
that disturbance of the cerebral vascular system and blood supply is of primary 
importance, but just how this occurs remains a matter of conjecture. The 
earlier authors advanced various explanations, such as stasis of blood due to venous 
thromboses, diapedesis of red blood cells following injury of capillary endothelium 
or fat embolism with necrosis of capillary walls. Ehrlich * expressed the belief 
that delayed excretion of arsphenamine due to impaired renal function allows the 
formation of a derivative (paraminophenylarsenoxide ), which has an irritative effect 
on the capillaries. More recently the hypothesis has been advanced® that the 
lesions are due to a direct and selective effect of the arsphenamine molecule, or 
some of its fractions, which has a dilating and destructive action on the vascular 
endothelium, resulting in congestion, stasis and hemorrhage. 


REPORT OF CASES 


Case 1—A Negress aged 33 was admitted to the hospital on Aug. 25, 1941. Three weeks 
previously it was discovered that she had syphilis and mild pellagra. Intravenous injections 
of neoarsphenamine (0.3 Gm.) were instituted; shortly after the second treatment, on August 
20, she complained of a severe headache, which continued until August 24. At this time she 
became unconscious, and she was brought to the hospital the next day. 

The patient was in deep coma, and there was marked diaphoresis. The pupils were equal 
and reacted to light; further neurologic examination gave normal results except for the 
absence of knee and ankle jerks. The temperature was 97.4 F., and the blood pressure was 
130 systolic and 80 diastolic. Urinalysis revealed that the reaction for albumin was 2 plus 
and that for acetone 2 plus. The blood sugar was 122 mg. and the nonprotein nitrogen 
27 mg. per hundred cubic centimeters. The Kline and Kahn reactions of the blood were 4 
plus. Examination of the spinal fluid revealed a 1 plus reaction for globulin, no cells, a nega- 
tive Wassermann reaction, 94 mg. of sugar per hundred cubic centimeters and a Lange curve 
of 5555543322. 

During the next day the patient remained in coma and assumed a position with stiffness of 
the extremities, suggesting decerebrate rigidity. The right eye deviated laterally, there was 
slight swelling of the optic disks, and the retinal veins were full. She had numerous general- 
ized convulsive seizures, which began with twitching of the right arm. The tendon reflexes 
were present in the right upper extremity but were absent in the left. The knee jerks were 
present and hyperactive; the ankle jerks were absent. The Babinski sign was suggestively 
positive on the left side. 

During the ensuing days the patient continued to have repeated convulsive seizures. She 
received injections of 50 per cent sucrose, of physiologic solution of sodium chloride and 5 per 
cent dextrose, as well as epinephrine, but she did not respond and died on August 29. 

General Pathologic Examination.—Petechial hemorrhages were observed beneath the endo- 
cardium of the right auricle. Except for congestion of the lungs, liver and kidneys and 
pulmonary edema, further examination revealed nothing remarkable. 

7. Roseman, E., and Aring, C. D.: Encephalopathy Following Neoarsphenamine Treat- 
ment, New England J. Med. 224:550-553, 1941. 

8. Ehrlich, P.: Deaths After Salvarsan: Encephalitis Hemorrhagica, Brit. M. J. 1:1044- 
1045, 1914. 

9. Scott, E., and Moore, R. A.: Fatalities Following the Use of Arsphenamine, J. Lab. 
& Clin. Med. 13:345-353, 1928; Fatalities Following the Use of Arsphenamine, Am. J. Syph., 
Gonor, & Ven. Dis. 12:252-262, 1928. Globus and Ginsburg. 
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Examination of the Brain—The surface vessels of the brain were congested, and the cop- 
volutions were swollen and flattened. There was a yellowish discoloration of the superior 
surface of the corpus callosum. Section of the brain revealed large hemorrhagic areas, formed 
by the confluence of many small petechiae. They were especially large and abundant in the 
white matter around the ventricles and in the corpus callosum and the centrum semiovale 
(fig. 1). The blood vessels throughout the brain were prominent and congested, and many 
of the smaller ones had a red areola of perivascular bleeding. In the midbrain (fig, 2) 
were hemorrhagic areas measuring 1 cm. in diameter and similar smaller foci were observed 
in the pons. 


Fig. 1 (case 1).—Large hemorrhagic areas in the white matter due to the confluence ot 
small petechiae. 


Microscopic examination of the meninges disclosed pronounced congestion, but nothing else 
noteworthy. Sections from various parts of the brain revealed generalized edema and con- 
gestion. In the cortex there were toxic changes with acute swelling of ganglion cells, but 
the most outstanding manifestations were in the white matter. The hematoxylin and eosin 
stain revealed two types of lesions. The lesions with hemorrhage were the most conspicuous 
and usually consisted of closely packed red blood cells, which overflowed the tissue between 
the dilated, congested vessels (fig. 3), but hemorrhages of the ring type were also present. 
The intima of smaller vessels showed swelling and proliferation. Another type of lesion, 
noted in areas not obscured by hemorrhage, was the nonhemorrhagic area of necrosis, usually 
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Fig. 2 (case 1).—Hemorrhagic areas in the midbrain. 


Fie. 3 (case 1).—Hemorrhage from a dilated and congested capillary into the surrounding 
white matter. Hematoxylin and eosin stain; > 600. 
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adjoining a precapillary which contained a hyaline thrombus (fig. 4). Such lesions were 
spongy in texture and relatively acellular and showed little evidence of a peripheral neuroglial 
reaction. Occasional ameboid glia cells were noted in these foci. These nonhemorrhagic 
necroses sometimes occurred singly, but more usually they were in groups, which coalesced 
to form large necrotic foci. Scarlet red preparations showed no fat in the few cells in these 
zones, 

Spielmeyer preparations revealed focal demyelination surrounding many of the smaller blood 
vessels (fig. 5). This demyelination occurred in both the hemorrhagic and the nonhemorrhagic 
foci. Demyelinated zones of equal size might or might not contain blood. No transitional 
stages between the two types could be seen, and it was impossible to determine whether one 
type of lesion progressed to the other. 


Fig. 4 (case 1)—Nonhemorrhagic area of necrosis adjoining a thrombosed capillary. 
Hematoxylin and eosin stain; « 95. 


Case 2.—A Negress aged 27 was admitted to the hospital on April 27, 1942 because of 
convulsions and coma. The only history available was the statement that convulsive seizures 
followed by coma had begun some thirty hours previously. She had frequent tonic and clonic 
convulsions and remained in deep coma between seizures. The axillary temperature was 100 F., 
and there was pronounced diaphoresis. There was marked rigidity of the neck. The arms were 
held stiffy at the sides, and the legs were maintained rigidly in extension. The pupils were 
equal and reacted promptly to light. The optic disks were not elevated, and no pathologic 
condition was noted in the fundi. The tendon reflexes were all present, hyperactive and equal 
bilaterally. No pathologic reflexes were elicited. 

Lumbar puncture disclosed that the cerebrospinal fluid was apparently under increased 
pressure, but the manometric readings were inaccurate because of faulty connections. Exami- 
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nation of the spinal fluid revealed a total protein of 278 mg. per hundred cubic centimeters, 
a 4 plus reaction for globulin, 1 lymphocyte per cubic millimeter, a negative Wassermann 
reaction, a Lange curve of 0000000000 and a sugar content of 81 mg. per hundred cubic centi- 
meters. The blocd count showed 110 per cent hemoglobin, 5,960,000 red cells and 3,750 white 
cells per cubic millimeter and a normal differential count. Urinalysis revealed a 2 plus reaction 
for albumin and occasional granular casts. The blood sugar was 115 mg. per hundred cubic 
centimeters, and the nonprotein nitrogen was 88 mg. 

During the next two days the patient remained unconscious and did not respond to treat- 
ment. She died on April 30, the temperature rising to 107 F. shortly before death. On this 
day it was learned that she had received two injections of 0.45 Gm. of neoarsphenamine, the 
first injection having been administered two weeks and the second dose about one week before 
her admission to the hospital. 

General Pathologic Examination—Petechial hemorrhages were noted beneath the endo- 
cardium, in the myocardium and beneath the mucosa in the pelves of the kidneys. Microscopic 


Fig. 5 (case 1).—Focal demyelination about a capillary. Spielmeyer stain; x 47. 


examination revealed severe degenerative changes in the renal tubular epithelium. Aside from 
bronchopneumonia and chronic pelvic inflammatory disease, the observations were not 
remarkable. 

Examination of the Brain—The meningeal vessels were conspicuously congested; the brain 
was swollen, and the convolutions were flattened. Section of the brain revealed numerous 
petechial hemorrhages, which were either scattered or fused together to form large hemor- 
rhagic areas. They were especially abundant in the corpus callosum, the internal capsule and 
the white matter around the lateral ventricles. Large hemorrhagic areas were present in the 
occipital lobes adjacent to the ventricle. Occasional hemorrhages were observed in the caudate 
nuclei. Numerous discrete hemorrhages were noted in the midbrain, the superior cerebellar 
peduncles and the white matter of the cerebellum. ; 

Microscopic examination revealed pronounced congestion and edema throughout the brain. 
The ganglion cells of the cortex exhibited moderate toxic changes, but no outspoken lesions 
appeared. Sections from the white matter revealed numerous isolated or fused lesions around 
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the dilated and congested vessels. Some of these were perivascular hemorrhages, occasionally 
in ring form (figs. 6 and 7), while others were nonhemorrhagic necroses. In the latter areas 
were fragments of myelin, but the scarlet red stain did not reveal any fat. No significant 
glial reaction was observed, although degenerating neuroglia cells were seen in these foci. 
Spielmeyer preparations (fig. 8) revealed multiple foci of demyelination adjoining small vessels: 
these foci were either scattered throughout the white matter or fused together to form a large 
demyelinated area. Some of these perivascular foci were filled with blood, while others of 
equal size were nonhemorrhagic. In some a small wreath of red blood cells surrounded the 
central capillary, but the demyelination extended for a considerable distance beyond this 
thin perivascular hemorrhage. 


In both cases the cerebral lesions had a similar distribution in the white matter 
about the ventricles and in the connecting pathways. The constant proximity to 
the blood vessels of the nonhemorrhagic necroses and the hemorrhagic lesions 


Fig. 6 (case 2).—Global pericapillary hemorrhage. Azan stain; x 80. 


was evidence that they both resulted from some initial vascular disturbance. In 
favorably cut sections it was apparent that the focal nonhemorrhagic necroses 
adjoined a vessel in which there was marked interference with the flow of blood, 
due either to stasis or to thrombosis. In structure they resembled lesions described 
by Putnam and Alexander '® and others as due to venous stasis and thrombosis, 
and it is probable that they were focal necroses resulting from vascular disturbance. 
The hemorrhagic lesions indicated a more severe degree of capillary damage. In 
case 2 some demyelinated areas contained a few scattered red blood cells or a 
small ring of blood around the dilated vessel, the hemorrhage into the necrotic 
foci suggesting that it had occurred as an end result of severe capillary dilatation 


10. Putnam, T., and Alexander, L.: Tissue Damage Resulting from Disease « 


Blood Vessels, A. Research Nerv. & Ment. Dis., Proc. (1937) 18:544-567, 1938. 
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and stasis. Such observations would indicate that the two varieties of lesions, 
although differing in type, have a common vascular basis and represent differences 
in degree of tissue injury. The relationship of the various pathologic changes 
might be explained by the following hypothesis. In some patients pronounced 
capillary dilatation, stasis and possibly thrombosis occur in the central nervous 
system after intravenous administration of arsphenamines. Serous exudation from 
the engorged vessels and edema occur and focal tissue necrosis, owing to pressure 
and interference with the blood supply, follows. As an end result of the most 
severe form of capillary injury, hemorrhage into the perivascular foci may occur. 
Such an explanation of the varying degrees of severity of tissue injury would account 


Fig. 7 (case 2).—‘“Ring hemorrhages” immediately adjoining those shown in figure 6. Azan 


stain: * 80. 


for the differences in the pathologic picture in various cases in the literature. Thus, 
it is reasonable that in some fatal cases only cerebral congestion and edema, and 
in others edema and focal demyelination, are present, while in the remainder 
hemorrhagic lesions predominate. 


ENCEPHALOPATHY FOLLOWING FIVE DAY MASSIVE THERAPY 
WITH MAPHARSEN 
The original five day therapy program of Chargin, Leifer and Hyman consisted 
of daily intravenous infusions of solutions of neoarsphenamine. This prepara- 
tion was later abandoned because of the occurrence of complications, which included 
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peripheral neuritis, in 35 per cent of cases, and death due to acute cerebral 
involvement, in 1 case. Mapharsen was then employed because of its lower 
toxicity, and 1,200 mg. of this drug administered over a period of five days was 
established as a safe and effective dosage.’1 Mapharsen has proved to be less 
toxic than neoarsphenamine, but serious manifestations referable to the central 
nervous system occurred in about 1 per cent of patients undergoing massive 
mapharsen therapy, and the fatality rate from such complications was about 
0.3 per cent. In the following cases acute encephalopathy followed massive ther- 
apy with mapharsen. 

Case 3.—A white girl aged 17 years was admitted to the hospital in March 1942 for 
five day massive therapy with mapharsen. She had the seropositive, secondary stage of 
syphilis. The past history included attacks of “rheumatism, double pneumonia and mastoid- 


Fig. 8 (case 2).—Foci of demyelination. Spielmeyer stain; x 50 


itis’ at 8 years of age. In August 1941 she was delivered of a full term child. She was 
confined to bed during the last two weeks of gestation because of edema of the ankles: at 
this time she was told she had hypertension and a renal complication. Physical examination 


11. Hirshfeld, S.; Hyman, H. T., and Wanger, J. J.: Influence of Velocity on Response 
to Intravenous Injections, Arch. Int. Med. 47:259-287 (Feb.) 1931. Chargin, L.: Leifer, W. 
and Hyman, H. T.: Studies of Velocity and Response to Intravenous Injections: Application 


f Intravenous Drip Method to Chemotherapy as Illustrated by Massive Doses of Arsphenamine 
in Treatment of Early Syphilis, J. A. M. A. 104:878-883 (March 16) 1935: Massive Dose 
\rsenotherapy of Syphilis by Intravenous Drip Method: Five Year Observations, Am. J. M. Se. 
197:480, 1939. Baehr, G.: Massive Arsenotherapy in Early Syphilis by the Continuous 
Intravenous Drip Method: The Preliminary Work with Neoarsphenamine, Arch. Dermat. & 
Syph. 42:239-244 (Aug.) 1940. Leifer, W.: Massive Arsenotherapy in Early Syphilis by the 
Continuous Intravenous Drip Method, ibid. 42:245-247 (Aug.) 1940. Rice, J. L.: Massive 
\rsenotherapy in Early Syphilis by the Continuous Intravenous Drip Methud, ibid, 42:283-284 
\ug.) 1940. Hyman, Chargin, Rice and Leifer.14@ Chargin,14b and othe 
Chargin and Hyman.?! 
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gave normal results except for the cutaneous lesions. Hemocytologic examination revealed 
80 per cent hemoglobin, 4,360,000 red cells and 6,300 white cells per cubic millimeter and a 
normal differential count. The nonprotein nitrogen of the blood measured 29 mg. per hundred 
cubic centimeters. Urinalysis revealed a faint trace of albumin. 

On the first day of treatment there were nausea, vomiting and accentuation of the secondary 
lesions. During the second day the patient complained of aching and weakness of the lower 
extremities; this was worse on the third day, and the nausea and vomiting were more severe. 
On the fourth day she was given thio-bismol, 0.2 Gm. intramuscularly, in addition to the regular 
infusion of mapharsen. Nausea, vomiting and weakness and pain in the legs continued through- 
out the fifth day, but she completed the course of treatments, receiving 1,200 mg. of mapharsen, 
in daily doses of 240 mg. 

During the morning of the sixth day (first post-therapy day) she became apprehensive and 
confused and complained of pounding headache and stiffness and aching of the legs. Neurologic 
examination gave essentially normal results. Lumbar puncture revealed a pressure of 260 mm. 
of water, and examination of the fluid disclosed a 1 plus reaction for globulin, a total protein 
content of 95 mg. per hundred cubic centimeters, 4 lymphocytes per cubic millimeter, a 4 plus 
Wassermann reaction, 58 mg. of sugar per hundred cubic centimeters and a Lange curve of 
1123311000. Urinalysis revealed a trace of albumin and a 4 plus reaction for urobilinogen 
The nonprotein nitrogen of the blood was 22 mg. per hundred cubic centimeters. 

On the seventh day the patient continued to be lethargic and confused and complained of 
photophobia and generalized pain. Lumbar puncture revealed a pressure of 160 mm. of water, 
and examination of the fluid disclosed a 1 plus reaction for globulin, 11 lymphocytes and 3 red 
blood cells per cubic millimeter, a 4 plus Wassermann reaction, a total protein content of 
263 mg. per hundred cubic centimeters and a Lange curve of 4444333310. During the eighth 
day she was semistuporous and delirious and screamed when the extremities were touched or 
moved. There was puffiness about the eyes, and a toxicoderma was distributed over the entire 
body. Neurologic examination revealed irregularity of the right pupil, which was larger than 
the left, but both pupils reacted to light. Extraocular movements were normal, and there was 
no nystagmus. The retinal veins were distended, and the outline of the disks was blurred, with 
slight elevation of the left. Examination of the rest of the cranial nerves revealed nothing 
abnormal except for slight weakness of the left side of the face and marked tremor of the tongue. 
The deep reflexes of the arms were hyperactive but bilaterally equal. The knee and ankle 
jerks were normal and equal on the two sides. Abdominal reflexes were absent. Tie Kernig and 
Brudzinski signs were positive. No pathologic reflexes were elicited. There was pronounced 
tenderness to pressure over the nerve trunks and muscles. Examination of the spinal fluid 
revealed a 1 plus reaction for globulin, 8 lymphocytes and 70 red blood cells per cubic milli- 
meter, a 4 plus Wassermann reaction, a total protein of 249 mg. per hundred cubic centimeters 
and a Lange curve of 0111233210. On the tenth day the pain in the legs was diminished, and 
mental symptoms had disappeared except for short periods of confusion. The patient was able 
to move the extremities, and the tremor of the tongue was diminished. Examination of the 
spinal fluid revealed no cells, a 4 plus Wassermann reaction, a Lange curve of 0001222000 and 
a total protein content of 142 mg. per hundred cubic centimeters. 

On the fifteenth day she regained bladder control, which had been lost on the eighth day. 
Spinal fluid pressure on the twenty-third day was normal, and the fluid contained a faint trace 
of globulin, 93 lymphocytes per cubic millimeter, a negative Wassermann reaction, a Lange 
curve of 0000000000 and 55 mg. of sugar and 47 mg. of total protein per hundred cubic centi- 
meters. When she was discharged, on the twenty-fourth day, she presented no symptoms except 
slight hyperesthesia and pain on pressure over the nerve trunks. The psychiatric and neurologic 
examinations gave completely normal results. 

The patient gained weight and strength rapidly during the next two months. At this 
time she felt better than before treatment and had more energy and fewer headaches. There 
were no residual manifestations of the acute encephalopathy. The spinal fluid pressure was 
normal, and examination of the fluid revealed no globulin, 3 cells per cubic millimeter, a 
negative Wassermann reaction, a Lange curve of 0000000000 and a total protein content of 
24 mg. per hundred cubic centimeters. 


Case 4.—A white man aged 32 was admitted to the hospital for five day massive treatment 
with mapharsen. He had the acute secondary stage of syphilis, and dark field and serologic 
examinations gave positive results. His past history was essentially without significance except 
for “fainting attacks’ when he was frightened. Physical examination revealed nothing abnormal 
but the cutaneous lesions and pallor. Hemocytologic examination revealed 77 per cent 
hemoglobin, 4,020,000 red cells and 6,300 white cells per cubic millimeter and a normal 
differential count. The platelet count was 230,000 per cubic millimeter. Urinalysis gave normal 
results. 
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On the first day of treatment, after he had received intravenously 800 cc. of the solution of 
mapharsen (0.096 Gm.), the patient became dizzy and cyanotic and vomited, and a generalized 
convulsive seizure followed. After a few moments he felt well, and therapy was continued that 
day, without untoward manifestations. On the second and third days there were no complaints, 
and the cutaneous lesion began to fade. The temperature rose each day to 100 F. At the end 
of the fourth day of therapy he complained of frontal headache and malaise. During the fifth 
day he complained of such severe venous pain that he received a hypodermic injection of \% 
grain (0.011 Gm.) of morphine sulfate. However, he completed the full course of treatments, 
receiving 1,200 mg. of mapharsen, in five daily doses of 240 mg. In the early evening the 
patient vomited and appeared apprehensive. Throughout the sixth day (the first post-therapy 
day) there were marked tremors of the hands and lips and complaints of headache and anxiety, 
Lumbar puncture disclosed an apparently normal spinal fluid pressure, and examination of 
the fluid revealed a 3 plus reaction for globulin, 405 red blood cells per cubic millimeter, 
a negative Wassermann reaction, 103 mg. of sugar per hundred cubic centimeters and a Lange 
curve of 4433332110. Urinalysis gave normal results except for a faint trace of albumin. 
During the night of this day and the seventh day he had five severe convulsive seizures, and 
between the attacks he was restless, irrational and semistuporous. Each convulsion was 
preceded by a cry, followed by a tonic and clonic phase, with cyanosis and incontinence. 
Neurologic examination revealed that he was semistuporous and did not respond to verbal 
commands; he reacted to painful stimuli with an unintelligible mutter and drawing away of 
the extremity. There was slight rigidity of the neck. The pupils were equal in size and reacted 
sluggishly to light. The extraocular movements appeared normal. The optic disks were normal. 
The tendon and abdominal reflexes were absent bilaterally. No pathologic reflexes were 
elicited. Urinalysis revealed a trace of albumin. 

The convulsive seizures were controlled by intravenous injection of sodium amytal. A 
hypodermic injection of 1 cc. of a 1: 1,000 solution of epinephrine hydrochloride was given 
every four hours, and 1 Gm. of sodium thiosulfate was administered intravenously each day, 
A 5 per cent solution of dextrose was given by proctoclysis. 

During the eighth day the patient was awake and was fairly rational and cooperative; no 
convulsive seizures had occurred since the preceding afternoon. Lumbar puncture revealed 
a spinal fluid pressure of 150 mm. of water. On the ninth day the patient was rational and 
able to eat, and on the next day he was allowed out of bed. Examination of the spinal fluid 
on the tenth day revealed a 1 plus reaction for globulin, 1 cell per cubic millimeter, a negative 
Wassermann reaction and a Lange curve of 1112221000. His further course was uneventful, 
and there have been no psychologic or neurologic manifestations in the ensuing months which 
suggest that permanent damage had occurred in the central nervous system. His physical 
condition has been excellent. 


Administration of mapharsen, either by the routine interval method or in 
massive doses, has resulted in fewer complications than occur with neoarsphenamine 
administered in a similar manner. According to Sobotka and associates,’2 when 
mapharsen is used in the five day treatment the percentage rate of excretion of 
arsenic in the urine and feces is higher than when neoarsphenamine is employed. 
However, in unusual cases in which elimination is deficient, the excretion rate of 
arsenic during massive mapharsen therapy may approximate that found during 
treatment with neoarsphenamine. In the usual case of five day mapharsen therapy * 
the arsenic concentration of the blood begins at zero, rises and falls sharply during 
each day of treatment but gradually increases to a maximum concentration of 
{: 3,000,000 on the afternoon and evening of the fifth day. A concentration 
of 1: 5,000,000 to 1: 3,000,000 is maintained during the fourth, the fifth and most 
of the sixth day.’® This observation may be of significance in view of the fact 
that in 2 cases in the literature '* the acute cerebral symptoms began on the seventh 
day (after massive neoarsphenamine and massive mapharsen therapy respectively ) 


12. Sobotka, H.; Mann, W., and Feldbau, E.: Massive Arsenotherapy in Early Syphilis 
by the Intravenous Drip Method, Arch. Dermat. & Syph. 42:270-276 (Aug.) 1940. 

13. Hyman, H.: Massive Arsenotherapy in Early Syphilis by the Continuous Intravenous 
Drip Method, Arch. Dermat. & Syph. 42:253-261 (Aug.) 1940. 

14. (a) Hyman, H. T.; Chargin, L.; Rice, J., and Leifer, W.: Massive Dose Chemo- 
therapy of Early Syphilis by the Intravenous Drip Method, J. A. M. A. 113:1208-1212 
(Sept. 23) 1939. (b) Chargin, L.: Massive Arsenotherapy in Early Syphilis by the Con- 
tinuous Intravenous Drip Method, Arch. Dermat. & Syph. 42:248-252 (Aug.) 1940. 


& 


an 

sy! 
Th 

she 

ist 
ne 
cel 

fol 
tu! 
col 

is 

sil 

lit 

th 

an 

su 

ot 

| lo 
Wi 

Ww 

W 
al 

si 

tie 

el 

re 

fc 
ce 
al 

b 

b 
a 

1 

( 

i 

| 


BOY D-NIE—ENCEPHALOPATHYS 


and that in our cases the signs of serious involvement of the central nervous 
system appeared in the morning and the evening respectively of the sixth day. 
This suggests the possibility that the acute manifestations in these cases occurred 
shortly after the maximum concentration of arsenic in the blood had been reached. 

The question arises whether the cerebral complications following massive admin- 
jstration of mapharsen were identical with those following massive treatment with 
neoarsphenamine. One gains the impression from various observers that the 
cerebral syndrome following treatment with mapharsen is not as fatal as that 
following treatment with neoarsphenamine. A comparison of the pathologic pic- 
tures in the two conditions establishes their relationship, but the available data 
concerning the cerebral pathologic changes after therapeutic doses of mapharsen 
is too meager to warrant definite conclusions. In a recent review of the literature 
since 1935, Levin and Keddie '® found only 1 fatality from ‘hemorrhagic encepha- 
litis’ due to routine administration of mapharsen. The clinical manifestations in 
this case, as reported by Rajam and Rao," were those of an acute encephalopathy, 
and postmortem examination revealed edema of the brain with congestion of the 
surface vessels. However, there was no report of the examination of sections 
of the brain, and it is not known whether lesions were present in the cerebral tissue. 
Elliott and associates '* described briefly the lesions in 3 cases of acute encepha- 
lopathy following five day treatment with mapharsen in which the clinical course 
was typical. In the first case there were areas of early focal demyelination but 
no petechiae or hyaline thrombi; in the second case only cerebral edema was noted, 
while in the third case the histologic diagnoses were cerebral congestion and edema, 
with petechial hemorrhages in the nuclei of the twelfth nerves. 

In our cases the clinical features conformed to those usually described for 
arsphenamine encephalopathy except that they were of milder degree and of 
shorter duration and the patients recovered rapidly, without residual manifesta- 
tions. Although the clinical signs were alarming, they disappeared in a few days, 
either through self limitation or in response to therapeutic measures designed to 
reduce intracranial pressure. In view of the brief clinical course in our cases, the 
rapid recovery and the meager available data concerning cerebral pathologic changes 
following five day mapharsen therapy, it is possible that the involvement of the 
central nervous system differed in degree, if not in kind, from that usually observed 
after arsphenamine. The pathologic changes in our cases may have been similar 
to those reported by Elliott and associates '’ and have consisted of intense cerebral 
congestion and edema without widespread hemorrhagic lesions. Such acute cere- 
bral congestion and edema have been described by Milian '* as “serous apoplexy,” 
by Phelps and Washburn '™’ as “delayed vasomotor reactions” and by Cantarow 
and Crawford *° as “acute cerebro-meningeal congestion and edema.” This type 


15. Levin, E., and Keddie, F.: Toxic Effects Following the Use of Mapharsen, J. A. M. A. 
118: 368-370 (Jan. 31) 1942. 

16. Rajam, R. V., and Rao, N. V.: Mapharside in the Treatment of Syphilis, Indian M. 
Gaz. 74:24-27, 1939. 

17. Elliott, D.; Baehr, G.; Shaffer, L.; Usher, G., and Lough, S. A.: An Evaluation of 
the Massive Dose Therapy of Early Syphilis, J. A. M. A. 117:1160-1166 (Oct. 4) 1941. 

18. Milian, G.: Accidents cérébraux et reaction d’Herxheimer, Bull. Soc. france. de dermat. et 
syph. 23:169-173, 1912; Apoplexie séreuse arsenicale, Acta dermat.-venereol. 9:149-154, 1928. 
Milian, G., and Brodier, L.: La syphilis en 1938, Paris méd. 1:177-189, 1938. Milian, G. 


Les accidents cérébraux du novarsenobenzol, Bull. et mém. Soc. méd. d. hop. de Paris 55:176 
181, 1939. 


19. Phelps, J. R., and Washburn, W. A.: Toxic Effects of Arsenical Compounds Employed 
in the Treatment of Syphilis in the United States Navy, Urol. & Cutan. Rev. 34:458-476, 1930. 
20. Cantarow, A., and Crawford, B. L.: Fatalities Following the Use of Neoarsphenamine, 


Am. J. Svph., Gonor. & Ven. Dis. 17:53-71, 1933. 
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of cerebral pathologic reaction is possibly less severe than widespread hemorrhagic 
involvement and, although fatal in some cases, presumably represents a more 
reversible process. Such an assumption suggests that the patient might be bene- 
fited by therapeutic measures to relieve cerebral congestion and edema, and this 
appeared to be true in our cases. In addition, Leifer and associates ?' main- 
tained that the most effective treatment of this condition consists of repeated 
lumbar taps and intravenous injections of dextrose, sucrose and saline solution, 


COMMENT 

Considerable confusion has existed regarding the cause, nature and relation 
of the various types of cerebral complications following administration of arsphen- 
amines. Many conflicting ideas have been offered, but the most plausible 
hypothesis is that suggested by Globus and Ginsburg, i. e., that all the cerebral 
disturbances are due to a direct effect of arsphenamine, or some of its fractions, 
on the endothelial lining of the capillaries and that vascular injury is the essential 
factor in the various reactions. The different types of cerebral syndromes repre- 
sent quantitative variations of a basically similar process. Thus, the dilatation 
of capillaries in the nitritoid reaction is but a milder degree of the severe cerebral 
congestion and edema of “serous apoplexy.” Hemorrhagic encephalopathy would 
represent a more drastic form of damage to the vessels. This hypothesis would 
explain the clinical and pathoanatomic variations of encephalopathy due to arsphen- 
amines noted in different cases. Thus, in some cases the pathologic changes would 
be those of congestion, stasis and edema with focal necroses, while in others a 
predominantly hemorrhagic picture, or varying admixtures of the two processes, 
would be present. 

The concept of Globus and Ginsburg still does not explain why such vascular 
injury occurs in some patients and not in others. This susceptibility of certain 
patients has been variously explained as due to individual idiosyncrasy to the drug, 
sensitization of the capillaries by preceding doses of the medication, lack of epi- 
nephrine due to adrenal insufficiency or a toxic concentration of arsenical products in 
the blood because of deficient elimination of previous doses of the drug. However, 
none of these theories have been substantiated, nor do they supply an adequate 
explanation of all the factors in different cases. Individual susceptibility, which 
may vary at different times, owing to unknown local cerebral or general metabolic 
conditions, must play a role, as well as factors which enhance a toxic accumulation 
of arsenical products in the blood. In our cases the occurrence of serious cerebral 
manifestations at the end of the period of mapharsen therapy suggests that the 
terminal high concentration of arsenic plays an important role in the appearance 
of the acute syndrome. It is not inconceivable that deficient elimination of arsenic, 
due to individual metabolic idiosynerasy or to disturbance of renal or intestinal 
function, might cause an abnormally high concentration in the blood in such cases. 
The greater susceptibility of pregnant women to complications after arsphenamine 
therapy and the preceding renal disturbance in our case 3 suggest that some renal 
factor may be the basis of abnormal retention of arsenic. 


SUMMARY 

Four cases of encephalopathy following intravenous administration of arsenical 
preparations are reported. In 2 cases, in both of which the disturbance followed 
the second injection of neoarsphenamine, the syndrome terminated fatally, and 


21. Leifer, W.; Chargin, L., and Hyman, H. T.: Massive Dose Arsenotherapy of Early 
Syphilis by Intravenous Drip Method, J. A. M. A. 117:1154-1160 (Oct. 4) 1941. 
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pathologic examination revealed vascular congestion and stasis, edema, focal necroses 
and capillary hemorrhages throughout the cerebral white matter, a picture suggest- 
ing that stages or degrees of tissue injury occurred. The lesser degrees of 
involvement, which include congestion, edema, focal necroses and demyelination, 
may eventuate fatally,** but theoretically they represent a more reversible type of 
reaction. The capillary hemorrhages are the final or most severe type of injury, 
and a favorable outcome is less likely after extensive bleeding has occurred. 
According to this assumption, the clinical syndrome of arsenical encephalopathy 
is a symptomatic expression of a series of cerebral changes, graduated in severity, 
which stem from an initial vascular disturbance. Therefore, capillary hemorrhage, 
instead of representing a pathologic hallmark of the disorder, merely indicates the 
degree and severity of the process. 

In the 2 cases of encephalopathy following massive mapharsen therapy it is 
only possible to surmise the nature of the cerebral pathologic reaction. That the 
process may have been one of capillary stasis and congestion with cerebral edema 
is suggested by its short course and rapid reversal. Such a hypothesis not only 
is in harmony with the observed lower mortality rate of mapharsen encephalopathy 
and the meager pathologic data now available but suggests that the treatment of 
choice is some measure which would reduce cerebral edema. Finally, the chrono- 
logic concurrence of the onset of signs of encephalopathy and the maximum sus- 
tained levels of arsenic in the blood, as shown by estimations in other cases of 
massive arsenical therapy, is probably not fortuitous. The possibility of such a 
relation between the capillary disturbance and high levels of arsenic in the 
blood indicates a need for further information concerning the factors which impede 
the elimination of arsenic and promote its accumulation in the blood. 


Indiana University School of Medicine. 


Indianapolis City Hospital. 


22. Cole, H. N.; DeWolf, H.; McCuskey, J. M.; Miskjian, H. G.; Williamson, G. S.; 
Rauschkolb, J. R.; Ruch, R. O., and Clark, T.: Toxic Effects Following Use of the 
Arsphenamines, J. A. M. A. 97:897-904 (Sept. 26) 1931. Russell.6 Roseman and Aring.7 
Cantarow and Crawford.?° 
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RETROGRADE DEGENERATION 


EFFECT OI HEMISECTIONS ON THI HOMOLATERAL AXONS 
Ol Pitt SPINAL CORD 


M. LASSER, M.D. PH.D. 


CHARLESTON, S. 


Neuron regeneration in all parts of the nervous system has always been of 
great theoretic and practical interest. Currently, the war has acted as a stimulus 
to additional investigative work on this general subject. While functional and 
anatomic regeneration following transection has been reported to occur in the 
spinal cord of the rat,’ it apparently has never been conclusively shown in other 
animals that the part of the axon attached to the cell body is structurally maintained 
when the neuron is severed. On the basis of studies made on nerve cells by Nissl’s 
method of retrograde degeneration, one would expect regeneration of central 
neurons to be impossible, since it 1s for the most part believed that the central 
neuron is dependent on all of its morphologic parts tor its survival. Loss of such a 
small portion as the telodendron of the optic nerve fiber, for example, is supposed 
to cause dissolution of the entire neuron.” In a recent investigation, [ was unable 
to find any loss of fibers in the pyramids in the monkey ten months after severing 
the pyramidal fibers at the level of the first cervical segment, although the Betz, 
or giant, cells of the motor cortex did show pronounced changes.* Because the 
results of these axonal studies were contrary to the majority of interpretations 
made in studies of retrograde cellular changes, it was decided to investigate the 
subject further by noting the effects produced on the homolateral axis-cylinders 
after hemisections in various parts of the spinal cord of the cat and the monkey. 


MATERIAL AND METHODS 


Hemisection of the spinal cord was made on the left side in 6 adult cats at the following 
levels: first cervical (3 cats) and second thoracic, fifth thoracic and third lumbar (1 each). 
In 1 monkey a hemisection was performed at the first thoracic level. The cats with lesions 
at the first cervical level were killed one, three and ten months after operation; all the others, 
including the monkey, were allowed to survive ten months. During the course of the investiga- 
tions, practically all of the standard neurologic stains, including the Marchi method, were 
applied to various sections above and below the lesions. In the case of the cat which was 
kept ten months after operation, cresyl violet was utilized to stain sections through area 4; 
these sections were taken 500 microns apart.4 


RESULTS 
All the animals, before they were killed showed characteristic physiologic 
defects. The hemisections appeared to be complete on gross and microscopic 
examination. In most instances the section extended slightly beyond the midregion 
From the Department of Anatomy, Medical College of the State of South Carolina. 
This study was aided by a grant from the Committee on Scientific Research of the 
American Medical Association. 


1. Sugar, O., and Gerard, R. W.: Spinal Cord Regeneration in the Rat, J. Neurophysiol. 
3:1-19, 1940. 

2. Polvak, S. L.: The Retina, Chicago, University of Chicago Press, 1941, 

3. Lassek, A. M.: The Pyramidal Tract: A Study of Retrograde Degeneration in the 


Monkey, Arch. Neurol. & Psychiat. 48 :561-567 (Oct.) 1942. 
4. Miss Margaret Powers, technician, handled all phases of the staining procedure. 
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of the cord, either posteriorly or anteriorly. Histologically, the axons within the 
spinal cord of the cat and monkey seem to be resistant to retrograde breakdown 
and disappearance. If a lesion is made in any of the regions mentioned, the 
motor fibers in the segment above and the sensory fibers in the segment below the 
injury do not undergo disintegration in ten months, nor is gliosis in evidence. 
In these experimental animals, no overt changes in the axons were noted in the 
pyramids. 

Area + (motor cortex) was studied in the cat which had survived ten months 
with a hemisection at the first cervical segment. The sections were difficult to 
evaluate because it appeared at first hand that the so-called giant, or Betz, cells 
had disappeared. However, if that were true, it would seem that some of the 
fiber components should be missing in the pyramid below. It may be that these 
cellular elements undergo such mutations that any resemblance to a normal cell is 
lost. They may remain in a state whereby they can maintain the anatomic integrity 
of the axons. 
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Untouched photomicrographs of silver-stained sections of the spinal cord of the cat taken 
at the first and ninth thoracic segments ten months after a hemisection at the fifth thoracic 
level. On the left side are sections of the fasciculus gracilis above and below the lesion; on 
the right side, sections of pyramidal tract superior and inferior to the injury. Magnification 


720. 


ne of the noticeable characteristics of the investigation was the remarkable 
repair which occurred within ten months after damage to the cord. Of the ‘silver 
stains employed, Ranson’s silver-pyridine method seems to have more predilection 
for staining the glial tissue than does the protargol (strong protein silver) methed; 
thus, it is more suitable for the following of older degenerated pathways. 


COMMENT 

Nissl’s method of retrograde degeneration has been employed by many investi- 
gators during the past fifty years in studying the origin of fiber systems. Their 
efforts apparently have been primarily concentrated on changes in the cellular 
elements rather than on the entire neuron. In the central nervous system, one 
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of the consistent changes reported after section of an axon has been partial or 
complete disappearance of the nerve cells constituting the cells of origin. Holmes 
and May ° observed that about one fourth or more of the so-called Betz, or giant, 
cells of the motor cortex in the dog had disappeared twenty-three days after a 
hemisection at the first cervical level ; approximately the same phenomenon occurred 
as early as twenty-eight days in the cat and forty-nine days in the monkey. Levin 
and Bradford" reported the disappearance of almost all the affected Betz cells 
twenty-eight days after a hemisection at the cervical fourth segment in the monkey, 
Polyak ® stated that complete loss of cells seems to be the rule in all cases of injury 
to the neurons within the central nervous system, with the one exception of the 
dentate nucleus of the cerebellum. On the basis of these cellular interpretations 
one would have to assume that all ascending and descending fibers would quickly 
be lost after a transection. Nothing but intersegmental axons should remain intact. 

My present results with hemisection of the spinal cord are not in harmony 
with the view that the cells of origin disappear so ‘quickly, or at all, when the 
axons of a tract in the cord are sectioned. Motor axons above a lesion in any 
region of the spinal cord and the sensory axons below the lesion appear to remain 
intact anatomically at least ten months in the cat and monkey. Tower,’ who was 
not interested primarily in retrograde degeneration, observed fibers in the pyramids 
of the monkey as long as thirty-two months after damage to the pyramidal tract 
in the medulla. I believe it was the consensus about the beginning of the twentieth 
century that breakdown of myelin extended only one or several segments beyond 
the lesion after damage to the human cord.* If the cells of origin of the fibers 
severed by hemisection of the cord dissolve and quickly melt away, I believe the 
neuron theory would not be applicable to the lower portion of the central nervous 
system. Cells may possibly change to such an extent that evaluation of their 
presence or absence may be difficult. Such questions as the distance of the injury 
from the cell body, the presence of collaterals or the maintenance of function in 
the cut axons have not been considered in this problem. The first two factors may 
be important in the preservation or dissolution of severed axons; so an investi- 
gation has been started in which they can be more easily controlled than in the 
spinal cord. 

In this problem, the region of the lesion was prepared in such a manner that 
it could not be studied for evidence of nerve regeneration. Since the axons 
appear to retain their integrity, this phenomenon might potentially be possible. 


CONCLUSIONS 
Retrograde degeneration, implying breakdown and disappearance of axons, has 
not been observed to occur in the long motor or sensory tracts of the spinal cord 
of the cat or monkey within ten mnths after hemisection. 
Medical College of State of South Carolina. 


5. Holmes, G., and May, W. P.: On the Exact Origin of the Pyramidal Tract in Man 
and Other Mammals, Brain 32:1-43, 1909. 


6. Levin, P. M., and Bradford, F. K.: The Exact Origin of the Corticospinal Tract in 
the Monkey, J. Comp. Neurol. 68:411-422, 1938. 

7. Tower, S. S.: Pyramidal Lesion in the Monkey, Brain 63:36-90, 1940. 

8. Barker, L. F.: The Nervous System, New York, D. Appleton and Company, 1899. 
Hunt, J. R.: The Retrograde Atrophy of the Pyramidal Tract, J. Nerv. & Ment. Dis. 31: 
504-512, 1904. Spiller, W. G. \ Microscopical Study of the Spinal Cord in Two Cases 


of Pott’s Disease, Bull. Johns Hopkins Hosp. 19:125-133, 1898; A Case of Primary Degenera- 
tion of the Pyramidal Tracts, J. Nerv. & Ment. Dis. 29:265-274, 1902. Williamson, R. T.: 
The Direct Pyramidal Tract cf the Spinal Cord, Brit. M. J. 1:946-947, 1893 
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CERVICAL SYRINGOMYELIA AND SYRINGOMYELIA-LIKE 
STATES ASSOCIATED WITH ARNOLD-CHIARI 
DEFORMITY AND PLATYBASIA 


BEN W. LICHTENSTEIN, M.D. 


CHICAGO 


Compression of the neuraxis at or about the level of the foramen magnum 
may result in a variety of histopathologic states. In many instances the anatomic 
picture resembles that of syringomyelia, and in some cases the clinical picture 
is indistinguishable from that produced by the latter disorder. Platybasia and true 
syringomyelia may be coexistent pathologic states, and the lack of continued 
improvement after decompression of the foramen magnum may be due to the 
primary disease of the spinal cord. From a large source of material, I have 
chosen cases illustrating a number of conditions seen in the cervical portion of the 
spinal cord in association with compression of the neuraxis at the foramen magnum. 


MATERIAL 
The cases in groups 1 and 2 were those of spina bifida complicated by hydro- 
cephalus, and death resulted from sepsis due to pressure necrosis of the tissues 
overlying the bifida defect, complicated by leptomeningitis. In some instances 
various stages of a single process were chosen from different cases in an effort 
to present the complete pathologic picture. 


GROUP 1: SYRINGOMYELIA-LIKE STATES. ASSOCIATED WITH THE 
ARNOLD-CHIARI DEFORMITY 
A. “ISCHEMIC” LIQUEFACTION NECROSIS 

Historical Notes——In 1894 Arnold! described a curious malformation of the 
hindbrain occurring in a case of spina bifida, and in the following year Chiari ° 
more fully described the deformity in a series of 7 cases of spina bifida. Prior 
to this time Chiari,® in 1891, had noted an isolated instance in which the fourth 
ventricle of the brain extended downward to the fifth cervical vertebral segment. 
In 1907 Schwalbe and Gredig * gave a detailed description of this deformity and 
called it the Arnold-Chiari malformation, under which term it has continued 


to be designated in the literature. I ° recently showed that the Arnold-Chiari 


Read before the Chicago Neurological Society, Jan. 21, 1943 
From the Illinois Neuropsychiatric Institute; the Department of Neurology and Neuro- 
logical Surgery, University of Illinois, and the Cook County Hospital. 


1. Arnold, J.:  Myeloeyste, Transposition von Gewebskeimen und Sympodie, Beitr. z. path. 
Anat. u. z. allg. Path. 16:1, 1894. 
2. Chiari, H.: Ueber Veranderungen des Kleinhirns, des Pons und der Medulla Oblongata 


infolge von kongenitaler Hydrocephalie des Grosshirns, Denkschr. d. k. Akad. d. Wissensch. 
Math.-naturw. Klasse 63:71, 1895. 


3. Chiari, H Ueber Veranderungen des Kleinhirns infolge von Hydrocephalie des Gross- 
hirns, Deutsche med. Wcehnschr. 17:1172, 1891. 

4. Schwalbe, E., and Gredig, M Ueber Entwicklungsst6rungen des Kleinhirns, Hirn- 
stamms, und Halsmarks bei Spina bifida, Beitr. z. path. Anat. u. z. allg. Path. 40:132, 1907. 

5. Lichtenstein, B. W. Distant Neuroanatomic Complications of Spina Bifida (Spinal 


Dysraphism), Arch. Neurol. & Psychiat. 47:195 (Feb.} 1942 
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deformity found in association with spina bifida is not a developmental defect but is 
rather the result of the downward migration of the hindbrain due to fixation of 
the spinal cord, its meninges and/or its roots at the site of the bifida defect, 


This downward migration also occurs in instances of platybasia and brevicollis 


F 


Fig. 1—Photographs of the hindbrain and upper cervical portion of the spinal cord in 
cases of spina bifida. The elongation and narrowing of the pons (B, D and I’), the deep 
impression of the basilar artery, the localization of the medulla oblongata below the con- 
striction ring produced by the atlas, the cyanosis of the leptomeninges (C) and the intra- 
medullary cavity (/) are striking gross changes. 


Klippel-Feil syndrome), in which the decreased size of the posterior fossa 


crowds the hindbrain into the upper cervical portion of the spinal canal. 
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Gross Pathologic Observations —In almost every instance of hydrocephalus 
to be sharply constricted by 


complicating spina bifida the dural sac was observed t 
the arch of the atlas and the rim of the foramen magnum. The site of compression 
could be clearly seen in all cases after cutting through the bony ring and openin 


the dura mater (fig. 1). In some specimens the leptomeninx below the constricting 


bony ring was cyanotic (fig. 1 C). 
Blocks were cut from various portions of the brain 


7 rosco pic Obs: rvation 
Sections cut from these 


and spinal cord and embedded in pyroxylin or paraffin. 


blocks were prepared according to a variety of staining methods and impregnation 


and frozen sections were stained for fat. 


technics, 
from a section through the hindbrain cut 


\ low power photomicrograph taken { 
he. 2 ows the constriction of the pontomedullary 


in a parasagittal plane 


Fig. 2—Very low power photomicrograph of a section taken from the brain stem shown 
in figure 1.4, showing the localization of the medulla oblongata below the impression produced 
by the arch of the atlas. Note the venous and capillary stasis and the partial demyelination 
below the constriction. Here, o/iv indicates the olivary body; the arrow, the site of the atlas, 
and /*, the focus of capillary stasis. Weil stain. 


junction at the site of the foramen magnum, the caudal elongation of the pons Varolit 
and the localization of the medulla oblongata within the spinal canal (the Chiart 
deformity). The choroid plexus of the fourth ventricle and the posterior medullary 
velum are similarly compressed at the craniospinal junction. In a higher power 
photomicrograph taken through the neuraxis just below the constriction and stained 
by Weil’s method (fig. 3.4), one sees areas of incomplete demyelination and 
extreme engorgement of the capillaries and venules. 
of a section through the center of the aforementioned affected area stained with 
toluidine blue (fig. 3 Bb) shows notably increased cellularity, the cells being chiefly 


~ 


\ high power photomicrograph 


astrocytes and microglial elements. Occasional red blood cells are seen outside thi 
capillaries, and histiocytes filled with granules of blood pigment are everywhere. 
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‘ 

Fig. 3—A, high power photomicrograph through area J’ in figure 2, showing the capil- 
laries and venules engorged with red blood cells (stained black) and the diffuse demyelination. 
Weil stain. 8B, high power photomicrograph through the same focus stained by Nissl’s 
method, showing the many blood pigment-—filled histiocytes, particularly about the blood vessels. 
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In another series of cases the continuation of the process which leads to cavity ¢ 
formation could be followed. In the next stage of the evolution of the lesion 1 


disappearance of the ectodermal cellular elements, namely, the macroglia and the 
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granules of blood pigment and surrounded by a wide zone rich in rod-shaped 
microglia cells (figs. 4 and 6 41). With the complete dissolution of the neurites and 
the neuroglial fibers, the affected area breaks down, resulting in a cavity (fig. 5). 
In many fields foci of histiocytes filled with blood pigment could be seen adherent 
to the wall of this cavity, which was lined by a zone of tissue composed almost 
exclusively of microglial elements. Special impregnations revealed that the lining 
contained neither connective nor glial tissue. In some levels the cavity extended 
into the anterior horns of the spinal cord, and occasionally a field rich in ganglion 
cells bordered on the cavity (fig. 5 8). Here and there, shrunken and deeply 
staining ganglion cells were seen, but in the unaffected areas they were of normal 
size and shape and rich in Nissl substance. ‘The complete absence of satellitosis 
and neuronophagia was striking and characteristic. Occasionally this “syringo- 
myelic’”” cavity was seen to communicate with a dilated central canal, with the 
resultant forriation of a hydrosyringomyelic cavity (fig. 6 B). In such instances 
the hydromyelic portion, characterized by its lining of ependymal cells, contrasted 
with the “syringomyelic” portion, which was devoid of an epithelial lining but was 
surrounded by a zone rich in rod-shaped microglia cells. 

Pathogenesis—The pathologic process already described may be designated as 
liquefaction necrosis. This may result from a variety of states which affect the 
nutrition of the tissues of the central nervous system. Foremost among these 
pathologic states are vascular disturbances, and such, I believe, was the exciting 
cause here. The caudal migration of the hindbrain produced its impaction in the 
foramen magnum. ‘The spinal arteries supplying the cervical portion of the spinal 
cord arise intracranially from the vertebral vessels. In their passage from the 
posterior cranial fossa into the spinal canal, they were compressed by the impaction 
of the hindbrain. ‘The vertebral system of veins was similarly compressed, and 
this was evident in the cyanosis of the leptomeninges (fig. 1 C) and the extreme 
stasis of the blood in the capillaries and the venules of the cervical portion of the 
spinal cord (fig. 3.4). It is well known that sudden occlusion of a spinal artery 
may lead to malacia, as in the syndrome ot the occlusion of the anterior spinal 
artery which I reported. Chronic ischemia, on the other hand, combined with 
venous stasis gives rise to a variety of pathologic states which may culminate in 
liquefaction necrosis. When the process undergoes a slow evolution many of the 
stages can be isolated and analyzed. 

The cardinal features of this process are the progressive degeneration of the 
ganglion cells without satellitosis or neuronophagia, the disintegration of the 
macroglia cells and the nerve fibers with little gliosis, the early development of 
large numbers of microglia cells, which persist after all ectodermal tissues have 
disintegrated, and the final degeneration of the microglia cells themselves. The 
resultant cavity is lined neither with connective nor with glial tissue, and the 
surrounding tissues show no inflammatory reaction. 

The pathologic changes are quite similar to those seen in some instances of 
chronic adhesive spinal arachnoiditis, as described so excellently by Schwarz,® 
and more recently by Mackay.* In this disorder the spinal arteries and the veins 
are enveloped by the fibroplastic thickening of the leptomeninx. Depending on the 

6. Schwarz, E.: Syphilitische Myelomeningitis mit H6lenbildung im Riickenmarke und 
besonderen degenerativen Veranderungen der Neuroglia, Wien. klin. Wehnschr. 10:177, 1897. 

7. Mackay, R. P.: Chronic Adhesive Spinal Arachnoiditis, J. A. M. A. 112:802 (March 4) 
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degree and rapidity of the process, a variety of pathologic states result, foremost 
among which is what Mackay termed anemic necrosis. As in the changes in the 
spinal cord associated with the Arnold-Chiari deformity, the absence of an inflam- 
matory reaction, satellitosis, neuronophagia and the final cavity formation are 
characteristic of this process. I have termed the process “liquefaction necrosis,” 
and as exciting causes I have emphasized the ischemia and the venous stasis, 


Fig. 6—A, high power photomicrograph of the focus of degeneration, showing it to be 


composed of large numbers of microglia cells. Penfield’s modification of Hortega’s method. 
B, low power photomicrograph, showing the point where the pseudosyringomyelic cavity broke 
into the central canal. C indicates the central canal, and S, the syrinx. Toluidine blue stain. 


Connective tissue was strikingly absent from the cavities; moreover, secondary 
gliosis occurs only in cases in which foci of incomplete degeneration develop and 
the astrocytes are proficient. This did not occur in my cases, in which the speci- 
mens were all from children who died under 1 vear of age. 
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B. HYDROMYELIA AND PRESSURE EXPANSION 
The cervical portion of the spinal cord in instances of Arnold-Chiari deformity 
may have cavities of an origin different from that described in the preceding 
condition. One is the hydromyelic cavity, which is easily recognized by virtue of its 
ependymal lining, and the other is a syringomyelic-like cavity. In many instances 
of the Arnold-Chiari deformity the choroid plexus is packed into the fourth ventricle 


Fig. 7.—A, photomicrograph of a section through the neuraxis within the cervical pertion 
of the canal (Arnold-Chiari deformity). B, photomicrograph of a section of the cervical portion 
of the spinal cord just below the Arnold-Chiari deformity, showing a large syrinx (S). Weil 
stain, 


below the Jevel of the foramen magnum (fig. 7 4). The constriction of the 
neuraxis by the bony ring prevents adequate communication between the caudal 
diverticulum of the fourth ventricle and the posterior cistern. The accumulating 
cerebrospinal fluid dilates the central canal and, in some instances, is associated with 
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perforation of the ependymal lining and the spread of the fluid into the posterior 
columns. The changes in such a case are schematically represented in figure wa 
in which S indicates the syrinx. A transverse section through the cervical portion 
of the spinal cord at E is seen in figure 7 B, in which the syrinx lying posterior to 
the central canal resembles a syringomyelic cavity. This cavity bordered directly 
on substance of the spinal cord. The tissue lining the cavity contained no inflam- 
matory elements, and the subjacent ganglion cells showed no evidences of satellitosis 
or neuronophagia. In contrast to the lining of the cavities in group A, microglia 


cells were absent. As in group A, the ischemia of the medullary substance may 


Fig. 8.—Schematic drawing of a midsagittal section through the hindbrain and upper cervical 


portion of the spinal cord from the case illustrated in figure 7. FM. indicates the foramen 
magnum; //’, the fourth ventricle, and S, the syrinx. Level A corresponds to that in figure 7 4; 
level /, to that in figure 7B. The brain was severed at C. 


have played a role in the breaking down of the tissues and in the growth of the 
cavity, as well as in the increasing pressure within the central canal resulting from 
accumulating cerebrospinal fluid. 


GROUP 2: MYELODYSPLASIC CAVITIES IN THE CERVICAL REGION 


The state of spina bifida may involve the spinal cord, as well as the overlying 
meninges and the spinal colum. The changes that may occur in the spinal cord 
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have been recently reviewed and described by me* and are classified under the 
designation of myelodysplasia. Myelodysplasic changes usually occur underneath 
a bony defect, but in some instances extreme degrees of malformation have been 
unassociated with any evidence of spina bifida either overt or occult. In 1 instance 
of lumbosacral spina bifida the cervical portion of the spinal cord showed extreme 


degrees of myelodysplasia (hg. 9 4, B and C). At one level incomplete pseudo- 
duplication was observed, with multiple enlarged and irregular canals lined by 
ependyma (fig. 9 4). As is usually the case, these canals were surrounded by 
large amounts of glial tissue. At an adjacent level the pseudoduplication was 


complete (fig. 9C). At another level the central canal extended posteriorly, and its 
subependymal glia fused with the pia mater (fig.9 8). In another case (fig. 9 D) 


Fig. 9.—Photomicrographs illustrating myelodysplasic cavities. 4, B and C are from the 
same case. In A and C varieties of pseudoduplication of the spinal cord are seen, and in B 
the central canal is enlarged and extends to the pia mater posteriorly. D illustrates myelo- 
dysplasia in the cervical portion of the spinal cord in another case. Weil stain. 


the lower cervical portion of the spinal cord had an enlarged central canal, which 
as in the previous case, extended to the pia mater, and this canal was surrounded 
by an increased amount of glia tissue. 

Comment.—Although the myelodysplasic tissues were otherwise unchanged in 
the 2 cases just cited, it is well known that such ependymal glia may undergo 
hyperplasia, break down, become invaded by connective tissue, be the seat of hemor- 
rhages and, by the involvement of adjacent groups of ganglion cells and nerve fiber 
tracts, present the clinical picture of a progressive disorder. Since the central 

8. Lichtenstein, B. W.: “Spinal Dysraphism’”: Spina Bifida and Myelodysplasia, Arch. 


Neurol. & Psychiat. 44:792 (Oct.) 1940. 
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portion of the spinal cord is involved, the clinical picture may be indistinguishable 
from that produced by true syringomyelia. The Klippel-Feil syndrome (breyj- 
collis), which anatomically is a variety of spina bifida characterized by fusion of the 
bodies of the cervical vertebrae, may be associated with the Arnold-Chiari defor- 
mity, myelodysplasia of the cervical portion of the spinal cord or even true syringo- 
myelia, and as a result the differential diagnosis by means of clinical examination, 
even combined with operative inspection, may be difficult. 


GROUP 3: PLATYBASIA AND “SYRINGOMYELIA” 
Platybasia is essentially a deformity of the posterior portion of the base of the 
skull. Although there is no universal agreement as to its origin, there is evidence 
that it is analogous to spina bifida, which is the anatomic expression of delayed 


or detective development of the bony structures about the spinal cord. The ana- 


tomic link between classic spina bifida and platybasia is, I believe, found in the 
Klippel-Feil complex, in which, as in platybasia, deformities and anomalies occur 
in the atlas and the axis. 


The deformity of the base of the skull which characterizes platybasia is a flat- 
tening of the inclined plane formed by the clivus. As a result, the foramen magnum 
is often described as being pushed up into the inferior cranial fossa, and it is also 
usually small, misshapen or eccentrically placed. This may be associated with 
ceipitalization of the atlas. The ascent of the foramen magnum may result in the 
localization of the structures of the hindbrain in the foramen magnum or in the 
upper cervical portion of the spinal canal rather than in their normal location— 
the posterior cranial fossa. The appearance of the tonsils of the cerebellum in the 
upper cervical portion of the spinal canal is, many times, not unlike that of the 
Arnold malformation (of the Arnold-Chiari complex), resulting from fixation of 
the spinal cord in spina bifida. 

Platybasia was described in detail by Virchow ® in 1876 and by Grawitz ?" in 
1880. The neurologic significance of platybasia has become increasingly prominent 
of late, and Gustafson and Oldberg '' have recently reviewed the subject and 
described 5 additional cases. 

In such cases signs of syringomyelia may develop from the following factors: 
(1) pressure of the deformed bony ring or of the dens epistrophei on the neuraxis; 
(2) vascular changes (stasis; ischemia) resulting from compression of the spinal 
arteries and the vertebral system of veins; (3) pressure of the Arnold-Chiart 
deformity ; (4) proliferations or degenerations of subependymal glial tissue in a 
coexistent myelodysplasic spinal cord; (5) true syringomyelia coexisting with 
platybasia and the Arnold-Chiari deformity, and (6) direct pressure of the bony 
structures or vascular insufficiency, accentuating the symptoms produced by a 
preexisting lesion of the spinal cord, such as syringomyelia or myelodysplasia. 

The lack of continued improvement after decompression of the foramen mag- 
num for relief of platybasia or the progressive development of the syringomyelic 
state after such an operation may be the result of coexisting syringomyelia, as in 
case 3 reported by Gustafson and Oldberg. With their permission, I review that 
case here. 


9. Virchow, R.: Beitrage zur physischen Antropologie der Deutschen mit besonderer 
Berucksichtigung der Friessen, Berlin, G. Vogt, 1876; cited by Gustafson and Oldberg."! 

10. Grawitz, P.: Beitrag zur Lehre von der basilaren Impression des Schadels, Virchows 
Arch. f. path. Anat. 80:449, 1880. 

11. Gustafson, W. A., and Oldberg, E.: Neurologic Significance of Platybasia, Arch. Neurol. 


& Psychiat. 44:1184 (Dec.) 1940. 
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A Negress aged 46 complained of weakness of both hands and forearms of two years’ 
duration. Shortly after the onset the weakness spread into the left lower extremity. One 
year later numbness of the hands developed. The essential neurologic changes were: pro- 
nounced atrophy of the thenar and hypothenar eminences bilaterally and anesthesia, analgesia 
and thermanesthesia from the third cervical segment to the sixth thoracic segment on the 
right side. 


Fig. 10—Photomicrographs through various levels of the spinal cord in the case of platybasia 
complicated by syringomyelia which is described in the text. In A and B myelodysplasic 
changes are seen, while in C and D the characteristic features of true syringomyelia are evi- 
dent. Weil stain, counterstained by van Gieson’s method 


Roentgen examination revealed occipitalization of the first cervical vertebra, with notable 
decrease in the anteroposterior diameter of the foramen magnum. 
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At operation the arch of the atlas was observed to be fused to the occipital bone and, on 
exposure of the dura mater, a definite constriction ring was seen at the level of the foramen 
magnum. When the dura mater was opened, the upper cervical portion of the spinal cord 
was observed to be smaller than normal. 

\t the time of discharge, on the twentieth postoperative day, subjective improvement was 
noted, but it was difficult to evaluate the change objectively. Later cystitis and pyelitis devel- 
oped, and the patient died, three months after the operation. 

\t autopsy a sharp constriction ring was seen on the neuraxis corresponding to the site 
of the foramen magnum. Thorough microscopic examination of the spinal cord and the brain 
stem was made. A section taken from the site of the constriction showed myelodysplasic 
changes in the nature of proliferation of the central ependymal cells (fig. 104). At a level 
just rostral to the constriction (fig. 10 B) the hind end of the fourth ventricle was seen to be 
elongated and_ slitlike. Sections through the middle cervical region of the spinal 


cord 


(fig. 10C and PD) showed the classic changes of true syringomyelia. 


In this case the clinical symptoms were indicative of an intramedullary lesion 
of the cervical portion of the spinal cord—syringomyelia. The roentgenographic 
evidence of platvbasia and the operative evidence of constriction of the neuraxis at 
the foramen magnum, however, were sufficient to make one. think that the intra- 
medullary disorder resulted from pressure, ischemia and venous stasis (group 1), 
The reason for the lack of continued improvement after decompression, however, 
became apparent in the discovery of a complicating pathologic process—syringo- 
myelia. I believe that the compression at the foramen magnum, together with its 
associated vascular disturbance, did play a role in accentuating the syringomyelic 
syndrome, but since this contribution pertains to the changes in the neuraxis result- 
ing from or complicating constriction at the foramen magnum, I do not wish here 
to discuss that controversial subject—the pathogenesis and pathology of true 
syringomyelia. 

SUMMARY AND CONCLUSIONS 

Compression of the neuraxis at or about the region of the foramen magnum may 
result in the degeneration of the central portion of the cervical portion of the spinal 
cord, with the production of a syringomyelia-like state. 

[mpaction of the Arnold-Chiari deformity in the foramen magnum may result in 
circulatory disturbance and subsequent degeneration of the neural tissues by pres- 
sure on the spinal arteries and veins at the level of the foramen magnum. 

Deformities of the base of the skull, the foramen magnum, the atlas and the 
axis. (platybasia) may result in constriction of the neuraxis, and degenerative 
changes in the adjacent spinal cord may result directly from pressure of the bones 
on the neural tissues or indirectly from ischemia due to interference with the 
circulation in the spinal arteries and veins. 

Platybasia, the Klippel-Feil deformity and spina bifida may be associated with 
myelodysplasic changes in the spinal cord, and in cases of such a deformity involve- 
ment of the ganglionic cell groups and nerve fibers, by reactions (such as degenera- 
tion and proliferation ) in the myelodysplasic tissue, may result in the clinical picture 
of syringomyelia. 

True syringomyelia may be coexistent with platybasia and spina bifida, and the 
clinical picture may be due to the primary disorder in the spinal cord rather than 
to the roentgenographically visible changes in the bone. 

Platybasia and the Arnold-Chiari deformity, by pressure en the spinal cord 
and on the spinal arteries and veins, may accentuate the syringomyelic syndrome 
resulting from myelodysplasic changes in the cord or true syringomyelia and the 
lack of continued improvement after decompression of the neuraxis may be due to 
the associated disorders of the spinal cord. 


912 South Wood Street. 


Case Reports 


PERMANENT DAMAGE TO THE NERVOUS SYSTEM FOLLOWING 
AN ATTACK OF POLYRADICULONEURITIS 
(GUILLAIN-BARRE SYNDROME) 


Report of a Case, with Necropsy 
QO. Russe._t, M.D., Watter L. Moore, M.D., St. Lovuts 


Polvradiculoneuritis is a well recognized neurologic syndrome characterized 
by widespread motor and sensory signs pointing to involvement of the spinal and 
cranial, nerves (most commonly the seventh cranial nerve). The definitely 
increased protein content of the cerebrospinal fluid without any change in the 
number of cells (albuminocytologic dissociation) is regarded as characteristic of 
the disorder and an important diagnostic feature. On the basis of the clinical 
symptoms the disease appears to be a distinct entity, but no etiologic agent has 
been established. That a virus is the causative agent has been repeatedly suspected, 
and an early report ' described transmission of the disease to monkeys. A\ll subse- 
quent work, however, has failed to substantiate this earlier claim, although the 
idea that the syndrome is an acute infectious disease generally prevails. 

Clinically, polyradiculoneuritis is characterized by the onset of progressively 
severe neurologic signs and symptoms, which may continue to a fatal termination, 
usually within two weeks. Gradual improvement is seen in the majority of cases, 
however, with the patient showing complete, or nearly complete, recovery of all 


the lost neurologic functions in from six months to a year. The mortality rate is 
high, varying in different series from 14 to 42 per cent.* The pathologic changes 


in the pervous system in patients who died during the acute phase of the disease 
have been well studied.t| Degeneration affecting the myelin sheaths and axis- 
evlinders occasionally with a slight inflaminatory reaction, is consistently observed 
in the peripheral nerves. Questionable pathologic changes in the ganglion cells 
withouf inflammatory reaction have been reported. Visceral lesions resembling 
those seen in such diseases as diphtheria and typhoid fever have been recently 
described * in patients who died during an acute attack. 

Knowledge of pathologic changes in the nervous system in persons who have 
recovered from an attack of polyradiculoneuritis is lacking, since only a small 
number of such patients show clinical evidence of permanent damage to the nervous 
system. ‘Lhe following communication is a clinical and pathologic report of a case 

From the Department of Pathology, Washington University School of Medicine, and th 
St. Louis County Hospital. 

1. Bradford, J. R.; Bashford, E. F., and Wilson, J. A. \cute Infective Polyneuritis, 
Quart. J. Med. 12:88-126, 1919. 

2. Cobb, S., and Coggeshall, H. C.: Neuritis, J. A. M. A. 103:1608-1617 (Nov. 24) 
1934 Sabin, A. B., and Aring, C. D.: Visceral Lesions in Infectious Polyneuritis (Inf 
tious Neuronitis, Acute Polyneuritis with Facial Diplegia, Guillain-Barré Syndrome, Landry's 


Paralysis), Am. J. Path. 17:469-482, 1941. 


3. Roseman, E., and Aring, C. D.: Infectious Polyneuritis; Infectious Neuronitis, Acute 
Polyneuritis with Facial Diplegia, Guillain-Barré Syndrome, Landry’s Paralysis, ete., Medi 
cine 20:463-494, 1941 

4. (a) Casamajor, | \cute Ascending Paralysis Among Troops: Pathologic Findings, 
Arch. Neurol. & Psychiat. 2:605-620 (Dec.) 1919. (b) Viets, H R.: Acute Polyneuritis 
with Facial Diplegia, ibid. 17:794-803 (June) 1927. (c) Gilpin, S. F.; Moersch, F. P., and 
Kernohan, J. W Polyneuritis: A Clinical and Pathologic Study of a Special Group 
Cases Frequently Referred to as Instances of Neuronitis, ibid. 35:937-963 (May) 1936. 
(d) Honeyman, W. M.: Pathological Study of a Group of Cases Sometimes Referred t 
as Polvneuritis, Bull. Neurol. Inst. New York 6:519-528, 1937. ( Bradford, Bashford 
and Wilson (f) Roseman and Aring 
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of polyradiculoneuritis in which recovery from the acute phase of the disease was 
followed by neurologic signs indicating permanent and significant damage to the 
nervous system. The patignt died nineteen months after the initial attack of 
intussusception of the small intestine, so that we were offered the singular oppor- 
tunity of studying the pathologic changes in the nervous system caused by this 
obscure neurologic disease. We have been unable to find a report of so clearly 
established a case of polyradiculoneuritis with permanent damage to the nervous 
system in which pathologic studies were made. 

REPORT OF CASE 

History —A single white man aged 32, American, a gardener, entered the St. Louis County 
Hospital on Sept. 15, 1941. He had been well and active until May 1940, when he first 
noticed numbness of his lower extremities. For an indefinitely known period before the 
onset of the numbness he had experienced some tingling sensation in both feet. Two weeks 
after the onset of the numbness in his legs he noted difficulty in walking, which was accom- 
panied by considerable weakness of his legs. Simultaneously with the onset of weakness in 
the legs he noted progressive loss of motor power in the upper extremities, which was also 
accompanied by a tingling sensation and numbness. The symptoms in the upper extremities, 
however, were always less severe than those in the legs. Because these symptoms had 
become progressively worse, until he could walk only with assistance from another person, 
he was admitted to the St. Louis County Hospital on May 14, 1940, just six weeks after the 
onset of the numbness in his legs. At that time he stated that he had lost an indefinitely 
known amount of weight since the onset of his illness. He denied having had an infection 
of the respiratory tract or other infectious disease coincident with or preceding the onset of 
his neurologic symptoms. 

He was pointedly questioned concerning a history of venereal infection. This he denied 
by name and symptoms, and there was no history of antisyphilitic treatment. The patient 
stated, and the assertion was confirmed by his family, that prior to his present illness he 
had always had good health and had never used alcohol in any form. His diet had been 
adequate, a fact also confirmed by his family. 


Physical Examination on First Admission —The patient was well developed but poorly 


nourished and unable to stand alone. The pupils were equal and regular, and both reacted 
normally to light and in accommodation. There was pronounced incoordination oi voluntary 
movements, with manifest loss of motor power and hypotonia of the muscles of all the 
extremities. Examination of the cranial motor nerves revealed a normal status. The deep 


tendon reflexes were absent in the lower extremities but were present in the upper extremi- 
ties, although definitely diminished. Pain, temperature, light touch and vibration sensibilities 
were absent in the lower extremities. Delayed hyperesthesia was noted on stroking the 
soles of the feet, and delayed myalgia was present in the calf muscles of both legs. Exten- 
sion of the leg on the flexed thigh produced severe pain. Sensory examination of the upper 
extremities gave essentially normal results except for myalgia and tenderness over the large 
nerve trunks. A pathologic toe sign and clonus were not elicited, and all the superficial 
reflexes were present. 

Course im Hospital and Treatment.—Lumbar puncture performed on the day of entry 
disclosed a clear spinal fluid, which did not appear to be under increased pressure. There 
were only 4 cells per cubic millimeter of fluid; the Pandy reaction for globulin was negative, 
and the total protein was 117 mg. per hundred cubic centimeters. The Wassermann reaction 
of the spinal fluid was negative, and the colloidal gold curve was 0022210000. Other labora- 
tory data were as follows: The urine was normal except for a trace of albumin; the 
erythrocyte count was 3,850,000, with 11.5 Gm. of hemoglobin per hundred cubic centimeters 
(67 per cent); the white blood cell count was 6,800, and the differential cell count was 


normal. The Hinton and Kline reactions of the blood were negative. Gastric analysis 
showed 40 per cent total acidity and no free hydrochloric acid in the fasting specimen. Free 
hydrochloric acid was present in the second specimen but not in the third. The total acidity 


of the third specimen was 20 per cent. 

With the history of an acute onset of motor weakness and sensory disturbances, indi- 
cating severe involvement of the peripheral nerves, and the finding in the spinal fluid of a 
significantly increased total protein content with a normal cell count (albuminocytologic 
dissociation), the diagnosis of polyradiculoneuritis (Guillain-Barré syndrome) was made. 

During the first five days of hospitalization the neurologic signs observed on entry became 
progressively worse, and slurred speech and mental apathy developed. On May 19, just five 
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days after entry to the hospital, the patient suddenly lost his vision; this was followed five 
hours later by a generalized convulsion. Although ophthalmoscopic examination the follow- 
ing day showed normal fundi and the pupillary reactions were normal, he still could not see. 
Neurologic examination at that time disclosed complete quadriplegia, with paralysis of the 
left facial nerve of peripheral type. 


Two days later, on May 21, although the patient's vision had returned, there was no 
manifest improvement of his general condition. Eurther improvement was not observed until 
June 1. At this time a slight return of motor power in both upper and lower extremities 
was noticed. 

Examination of the spinal fluid, removed by lumbar puncture on June 4, disclosed a total 
protein content of 142 mg. per hundred cubic centimeters of fluid and only 3 cells per cubic 
millimeter. On June 10 the paralysis of the left side of the face was less apparent, and the 
slurred speech had disappeared. Improvement continued during the next ten days, so that 
on June 20 he was able to sit up in a chair. Examination of the spinal fluid on June 19 
showed only 100 mg. of protein per hundred cubic centimeters and a total cell count of 
5 per cubic millimeter. At this time he had no paresthesias, and there was a fair return of the 
motor strength in his extremities. Examination of the cranial motor nerves revealed only 
slight impairment of the seventh nerve, as manifested by a slight droop of the left side of 
the mouth. The pupils were equal, regular and circular in outline, and both reacted nor- 
mally to light and in accommodation. The deep tendon reflexes were absent in the lower 
extremities, but were present in the upper extremities, although greatly diminished. All 
forms of sensation had returned except vibratory sensibility, which was still absent in the 
lower extremities. The Romberg sign was _ positive. 

The patient was discharged from the hospital on July 25. For over a month before 
discharge he had sat up daily for long periods and had walked with assistance from a 
hospital attendant. Neurologic examination at the time of discharge disclosed the same signs 
as those observed on June 20. 

Except on the first two days of his hospitalization, he had received a high vitamin and 
high caloric diet. After the onset of quadriplegia this was supplemented by the oral and 
parenteral administration of preparations of the vitamin B complex, with the addition of 
alpha tocopherol after May 25. His entire course in the hospital was afebrile. The pulse 
rate was elevated, varying from 74 to 120 beats per minute and averaging about 100 beats. 
His respirations, however, were always normal, and at no time during his stay in the hospital 
was there retention or incontinence of urine or feces. 

The final clinical diagnosis was polyradiculoneuritis (Guillain-Barré syndrome), with 


} 
i 


degeneration of the posterior column of the spinal cord. 

Interval History—From August 1940 until August 1941 the patient was followed in the 
outpatient neurologic clinic; during this time slight improvement was noted in his neurologic 
condition. On his last visit to the clinic, on August 21, neurologic examination showed loss 
of all the deep tendon reflexes, with loss of vibration and position sensibility in both upper 
amd lower extremities. There was severe ataxia of the upper and lower extremities, and 
the Romberg sign was positive. 

Second Admission—The second, and final, admission to the hospital was on Sept. 15, 
1941. For two days prior to entry he had complained of abdominal pain and had vomited 
several times when he attempted to eat. During this period he was unable to retain any- 
thing taken by mouth and complained of obstipation. Because he had become so weak from 
not being able to eat and his abdominal pain continued unabated, he was brought into the 
hospital 

Physical Examination—The patient was well developed but poorly nourished and dehydrated 
The abdomen was moderately distended, and the percussion note was tympanitic, except in 
the right lower quadrant. No masses were palpated. The neurologic signs were similar 
to those noted on the last visit to the outpatient clinic, on August 21. 


Laboratory Examination A leukocyte and a differential blood count, done on September 


16, were normal. The erythrocyte count at that time was 2,750,000, and the hemoglobin 
content was 58 per cent, with a color index of 1. The reactions to the Kahn and Hinton 
tests were negative. Urinalyses, done on September 16 and September 18, revealed only a 


4 plus reaction for sugar on the latter date, after the intravenous administration of a large 
amount of dextrose. The nonprotein nitrogen content of the blood on September 16 was 
63 mg. per fiundred cubic centimeters. 

Course in Hospital and Treatment—With the history of vomiting, obstipation and abdom 
inal pain, the diagnosis of carcinoma of the gastrointestinal tract with obstruction was con- 


sidered, and fluids were given intravenous)y for the patient's dehydration. The abdominal 
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pain continued during the next two days, and he vomited frequently. On September 16 a 
soit mass that was not sharply outlined was palpated on rectal examination above the pros- 
iate he same day his condition became more acute and was marked by increasingly severe 
crampit bdominal pain and the vomiting of large amounts of greenish liquid material, 
\t this tir he became stuporous. \ surgical consultant suggested a diagnosis of cancer 


of the gastrointestinal tract with partial obstruction but advised against operation at that time 


because of the patient’s poor condition. The patient died the following day, September 18 
tel eri of protound restlessness, irrational talking and, finally, coma. 

The clinical diagnoses were carcinoma of the gastrointestinal tract, with obstruction and 
low grade peritonitis, and degeneration of the posterior column of the spinal cord following 
olv1 dicul 1tis 

Vecropsy.—Examination was performed nine hours after death. The lungs, pancreas 
kidneys, adrenals, bladder, aorta and borie marrow were grossly not remarkable. The sig 
nificant observations were as follows 

bdomen was moderately distended, and there was a slight pitting edema of the lowe: 
extremities lhe peritoneal cavity contained 1,500 cc. of serosanguineous fluid There was 
an intussusception invelving approximately 49 cm. of the small intestine 180 cm. above the 
ileocecal valve [he stomach and the small intestine above the intussusception, were greath 
dilated and filled with greenish brown liquid feces. The serosal surface of the ditated intestin 


petechiae and was covered with fine shreds of fibrin. The invaginated segment of 
intestine was gangrenous, deep black-red and covered with fine shreds of fibrin. Careful exami- 
nation of the invaginated portion and the adjoining segments of intestine disclosed no adhesions, 
tumor or diverticulum that in any way-could have been a factor in causing the intussuscep- 


tion. The gastrointestinal tract below: the intussusception was normal and contained only 
a small amount of formed brown feces. A small amount of the greenish brown liquid fecal 
material observed in the stomach was noted also in the trachea and bronchi. Scattered 
petechiae were seen on all the serous surfaces and beneath the endocardium of the left ven- 
tricle. Histologic examination of the abdominal and thoracic organs confirmed the gross 
pathologic observations. 

Examination of the Nervous System.—The weight of the brain was normal, being 1,250 
Gm. The external configurations, leptomeninges, basilar arteries and successive sections 
through the brain showed no gross pathologic change. The entire spinal cord, removed 


with the dura mater and spinal ganglia attached, was grossly not remarkable. 

is were taken for microscopic study from the cortex of the frontal, parietal and 

occipital lobes; the cornu ammonis; the caudate and lentiform nuclei; the mesencephalon; 

the medulla oblongata; the lumbar, thoracic and cervical levels of the spinal cord; the spinal 


ganglia; the cauda equina, and the sciatic nerve. \ll the sections from the brain were 
stained th hematoxylin and eosin, Kultschitzky’s stain for myelin sheaths and phospho- 
tungstic acid hematoxylin. No pathologic changes were seen in any of the sections of the 
brain. A section stained with cresyl violet taken through the nucleus of the seventh cranial 
nerve, in the medulla oblongata, disclosed no pathologic changes in the ganglion cells. The 
ganglion cells contained a moderate amount of lipochrome pigment, which was not regarded 
as pathologic. No pathologic change was observed in the ganglion cells or the glia cells 
of the nucleus gracilis or nucleus cuneatus in sections taken from the caudal part of the 
medulla oblongata. Pathologic changes were observed in sections from the spinal cord, spinal 
gangliz 


i, peripheral nerve and cauda equina. 

Spinal Cord Sections taken from the cervical, thoracic and lumbar levels of the cord 
and stained by the Kultschitzky method for myelin all showed nearly complete loss of mye- 
linated nerve fibers in the posterior column. In the section taken from a lumbar segment 
the loss of myelinated fibers in the peripheral part of the posterior column and a narrow 
zone adjacent to the posterior gray commissure was less severe than in other areas of the 

f umn (fig. 1.4). Small parts of the posterior roots included in the sections like- 
wise showed an extensive loss of myelinated nerve fibers, with only a few fibers remaining. 
There was no manifest loss of the myelinated fibers in the anterior and lateral columns and 


in the anterior roots. 


In frozen sections stained by the sudan III method for fat, numerous large macrophages 


containing fat were noted in the posterior column (fig. 1B). Sections of the spinal cord 
stained with cresyl violet disclosed the usual number of ganglion cells, without pathologic 
change in the anterior or posterior roots or in Clarke’s column. A. slight increase in the 
number of glial nuclei was seen in the posterior column. In none of the sections of th 


spinal cord was there evidence of acute or chronic inflammation, either in the leptome 
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Spinal Ganglia: There was a moderate decrease in the number of ganglion cells seen 
in sections taken from three dorsal root ganglia. Many of the cells were atrophic and were 
surrcunded by an increased number of large periganglionic cells. Large groups of the peri- 


ganglionic cells were arranged in concentric form. In certain instances they enclosed a 
small, homogeneously basophilic-staining material, presumably a part of a degenerated gan 
glion cell. There was no evidence of acute or chronic inflammation. 

Peripheral Nerve: A few scattered macrophages filled with fat were observed in a frozen 
section of the sciatic nerve stained with sudan III. In sections stained with hematoxylin 


Fig. 1—4, section of the spinal cord from a lumbar segment. Note the extensive loss 
of myelinated nerve fibers in the posterior column. Kultschitzky’s stain for myelin sheaths; « 12. 
B, section from the thoracic level of the cord. The fine black dots seen in the posteriot 


column are macrophages filled with fat. Sudan III stain for fat; « 14. 


and eosin there was a moderate increase in the number of fibroblastic nuclei, and in sections 
prepared with the Bodian silver method for nerve fibrils there was readily apparent reduc 
tion in the number of axis-cylinders. 

Cauda Equina: Sections stained for myelin showed an extensive reduction in the numbet 
of myelinated fibers in the sensory roots (fig. 2.4). The motor roots, however, appeared 
normal (fig. 28). Sections stained with phosphotungstic acid hematoxylin revealed a large 
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amount of brownish red-staining collagen in the sensory roots and an unusually large number 
of fibroblastic nuclei. The motor roots contained only a slight amount of brown-red collagen 
and the usual number of blue-staining myelinated nerve fibers. 

Anatomic Diagnosis ——The anatomic diagnosis was intussusception of the small intestine. 
with complete obstruction and gangrene of the intussuscepted segment; generalized serosan- 
guineous peritonitis, and degeneration of the ganglion cells in the posterior root ganglia, 
with degeneration of the posterior column of the spinal cord, the posterior roots and the 
peripheral nerves. 


Fig. 2.—4, section of a posterior root from the cauda equina. The scattered black dots 
are the few remaining myelinated nerve fibers. Compare with B. B, section of an anterior 
root from the cauda equina, showing normal-appearing myelinated nerve fibers. Kultschit- 
zky's stain for myelin sheaths; x 135. 


it is well to review the case reported here with regard to the establishment 
of the diagnosis of polyradiculoneuritis. While the criticism is not infrequently 
made that the diagnosis of polyradiculoneuritis is reached only after other diseases 
have been ruled out, there are certain constantly observed neurologic signs and 
syinptoms which occur together frequently enough to justify the clinical concept 
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of a disease entity. The following clinical signs and symptoms observed in our 
case are generally regarded as characteristic of the disorder. 

There was a severe and prostrating neurologic disease, which progressed from 
the initial symptoms, indicating only slight involvement of the sensory and motor 
systems, to complete quadriplegia with loss of vision. There was loss of facial 
expression on the left side of the face, indicating involvement of the seventh 
cranial nerve. The cerebrospinal fluid contained an increased amount of protein 
with a normal cell count (albuminocytologic dissociation). Recovery from the 
quadriplegia was rapid for three weeks, with greater improvement in the return 
of the motor than of the sensory functions, but after this initial period only slight 
improvement was noted. A history of infection of the respiratory tract or of 
another infectious disease, so frequently cited as a characteristic part of the syn- 
drome of polyradiculoneuritis, was not obtained. The history of a preceding 
infectious disease is not as frequent as is generally inferred, however, for, Fox and 
O’Connor * found it present in only 31 per cent of the cases of polyradiculoneuritis 
reported in the literature. 

We feel that syphilis can be excluded in our case, since all serologic studies, 
including those made on the spinal fluid during the most acute phase of the disease, 
gave negative reactions. There was no history of venereal infection or of anti- 
syphilitic treatment, and the clinical course of an acute neurologic disease with 
quadriplegia followed by improvement is certainly not characteristic of syphilis of 
the central nervous system. Furthermore, the pathologic examination of the 
nervous system revealed no evidence of an inflammatory disease. 

A specific dietary deficiency as the cause of the disease seems equally unlikely, 
since the history obtained from the patient’s family verified the statement made 
by him that his appetite was always good and his diet had been adequate. Further- 
more, aiter entering the hospital he was immediately placed on a high vitamin diet ; 
in spite of this, his most severe neurologic signs subsequently developed, and the 
synthetic vitamin preparations administered both orally and parenterally after their 
appearance had no manifest effect on the subsequent course of his disease. 

The severe loss of myelinated nerve fibers in the posterior column, the dorsal 
roots and the peripheral nerves adequately explains the loss of deep tendon reflexes 
and position and vibration sensibility in the upper and lower extremities. The 
loss of motor power shown by the patient is difficult to explain anatomically, since 
there waa no observable pathologic change in the anterior horns, the anterior horn 
cells or the anterior roots. The loss of motor function might be explained, however, 
as a purely functional loss resulting froin the patient’s long convalescence plus the 
functional impediment from the degeneration of the posterior column. 

The pathologic observations gave additional support to the clinical diagnosis 
of polyradiculoneuritis because there was no evidence of inflammatory disease and 
the degeneration noted in the posterior column, accompanied by large numbers of 
gitter cells, was entirely in keeping with the clinical history indicative of acute 
degeneration there nineteen months before. 

That the patient’s previous neurologic disease was a contributing factor in the 
development of the intussusception which was the immediate cause of his death 
is impossible to say. If the autonomic nervous system was involved and damaged, 
its altered function might explain the occurrence of the intussusception. Unfortu- 
nately, this possibility was not thought of at the time of necropsy, and the autonomic 
nervous system was not examined. This possibility seems remote, however, since 
the patient showed no signs or symptoms indicating involvement of the autonomic 
nervous system, either during or aiter the acute phase of his neurologic disease. 

5. Fox, M. J., and O’Connor, R. D.: Infectious Neuronitis: Review of Literature and 
Presentation of Four Cases, Arch. Int. Med. 69:58-66 (Jan.) 1942 
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COMMENT 

In the absence of a proved etiologic agent, polyradiculitis can be regarded only 
as a neurologic syndrome. It is conceivably possible, therefore, that this syndrome 
is not a single disease entity but merely a stereotyped reaction of the nervous 
system to one of several etiologic agents. For this reason sweeping generalizations 
about the disease should be avoided, and from the pathologic study of a single case 
we are reluctant to more than suggest that the pathologic changes we have noted 
are uniformly characteristic of the syndrome. There is, however, some basis for 
this suggestion. 

In the case presented here, for example, the degeneration of the cells of the 
posterior root ganglia and the degeneration of the posterior column and peripheral 
nerves adequately account for the clinical signs and symptoms shown by the 
patient, which were regarded as typical of polyradiculoneuritis. Moreover, in the 
cases of polyradiculoneuritis reported in the literature * loss of deep reflexes with 
sensory changes indicating involvement of the posterior column was_ nearly 
universally observed. Additional evidence that this disease primarily produces 
destruction of the posterior column of the spinal cord and the nerve fibers in the 
peripheral nervous system associated with it is obtained from study of the reported 
cases of polyradiculoneuritis in which there was residual neurologic disease. In 
all the cases in which details of the patient’s convalescence were given the last 
neurologic sign to disappear was the loss of deep tendon reflexes and of position 
and vibration sense. Recovery from all loss of neurologic functions was usually 
complete in from six months to one year. Of a total of 130 cases of polyradiculo- 
neuritis reported in the literature which we have reviewed, residual neurologic 
disease lasting over one year was recorded in 7 cases," and in every case there was 
either complete loss or moderate diminution of the deep reflexes. Sensory dis- 
turbances were occasionally noted, and in a few instances there was slight motor 
weakness. In 1 case, reported by Guillain,"” the diagnosis. of tabes dorsalis was 
made by a family physician five years after the attack of polyradiculoneuritis 
because of the absence of deep tendon reflexes and of position and vibration sensi- 
bility in the lower extremities. The exact nature of the patient’s disease was 
subsequently revealed after the clinical history of an attack of polyradiculoneuritis 
was obtained and complete laboratory studies had revealed no serologic evidence 
of syphilis. 

The pathologic changes in the nervous system noted in our case are in no way 
characteristic of any neurologic disease known to us. Syphilis can be completely 
eliminated as the cause since in the complete and thorough histologic examination 
of the nervous system no evidence of inflammatory disease was seen. The 
degeneration that was so strictly limited to the posterior column, the posterior 
roots and the peripheral sensory nerves does not resemble the pathologic changes 
in the nervous system described in deficiency diseases occurring in the human 
subject * or in experimental animals.* We did not observe the pathologic changes 
that Roseman and Aring * and others have described in the ganglion cells and in 
the axts-cylinders in patients who died during the acute stage of the disease. 

We were able to find but 1 other case of polyradiculoneuritis reported in the 
literature in which residual neurologic disease was present and pathologic studies 

6. (a) Gilpin, Moersch and Kernohan,*¢ cases 2 and 12. (b) Guillain, G.: Radiculo- 
neuritis with Acellular Hyperalbuminosis of the Cerebrospinal Fluid [cases 3 and 5], Arch. 
Neurol. & Psychiat. 36:975-990 (Nov.) 1936. (c) McIntyre, H. B.: Infective 


Dee 


Neuronitis 
[case 6], Ohio State M. J. 33:815, 1937. (d) Roseman and Aring,® cases 1 and 15. 


7. Hsii, Y. K.: Pathologic Anatomy of Human Nervous System in Avitaminosis, Arch. 
Neurol. & Psychiat. 48:271-319 (Aug.) 1942. 

8. Swank, R. L.: Avian Thiamin Deficiency: A Correlation of the Pathology and 
Clinical Behavior, J. Exper. Med. 71:683-702, 1940. Davison, C., and Stone, L.: Lesions 


of the Nervous System of the Rat in Vitamin B Deficiency, Arch. Path. 23:207-223 (Keb.) 
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were made. This case, reported by Gilpin, Moersch and Kernohan,** was not 
entirely comparable to the case reported here because the patient died of Hodgkin's 
disease only eight months after the onset of the polyradiculoneuritis. The authors 
expressed the belief that the neurologic disease was not in any way related to the 
Hodgkin's disease, although it was stated that the patient’s neurologic symptoms 
were not entirely typical of polyradiculoncuritis. Furthermore, additional improve- 
ment in the lost neurologic functions could have been expected after eight months. 
Pathologic study of the nervous system disclosed loss of myelinated nerve fibers 
in the sciatic and femoral nerves and the brachial plexus without evidence of 
inflammation. The spinal ganglia showed but minimal change in the ganglion 
ceils with a slight increase in the number of periganglionic cells. There was 
degeneration in the posterior column of the spinal cord with gliosis but no evidence 
of inflammatory reaction. The brain was not examined, and the clinical diagnosis 
of Hodgkin’s disease was confirmed by the general pathologic examination. The 
pathologic changes in the nervous system described by Gilpin, Moersch and 
Kernohan ** in the case reported by them were remarkably similar to the changes 
in the case presented here. Although in the case described by these authors there 
was the complicating factor of Hodgkin's disease and the clinical course of the 
disease was admittedly not entirely typical of polyradiculoneuritis, the report only 
lends additional support to the general concept of this disease, namely, that it may 
be a stereotyped reaction of the central nervous system to one of several etiologic 
lactors. 
SUM MARY 

A chinicopathologic study of a case of polyradiculoneuritis is reported. Recovery 
from the acute phase of the disease was followed by neurologic signs indicating 
degeneration of the posterior column of the spinal cord. The patient died nineteen 
months after the onset of his neurologic symptoms of an intussusception of the 
smail intestine. Pathologic study of the nervous system disclosed loss of ganglion 
cells in the posterior root ganglia with degeneration of the posterior column of the 
spinal cord, the posterior nerve roots and the peripheral nerves, without inflam- 
matory reaction. The observed pathologic changes were not regarded as character- 
istic of any known disease affecting the nervous system. 


CONCLUSIONS 
Polyradiculoneuritis is in rare instances followed by degeneration of the ganglion 
cells in the posterior root ganglia, the posterior column of the spinal cord and the 
peripheral nerves. It is suggested that polyradiculoneuritis may be a stereotyped 
reaction of the nervous system to one of several as yet unknown etiologic agents 
that produce the degeneration of posterior rvot ganglia, the posterior column of 
the spinal cord and the peripheral nerves. 
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Clinical, Technical and Occasional Notes 


MYASTHENIA GRAVIS 


Familial Occurrence 
HenrY Atsop M.D., AND Frocut, M.D., NEw 


The recording of these 2 cases calls attention to the possibility that myasthenia 
gravis may have a familial tendency. Reference to some of the standard text- 
books on neurology discloses a difference of opinion as to a multiple familial 
occurrence. ‘Myasthenia gravis occasionally appears in more than one member 
of the family.”” (Bing'); “There is never any familial or hereditary tendency in 
myasthenia gravis.”’ (Ford *) ; “Heredity does not play any considerable role in spite 
of rare observations by Peter and Marina.” (Curschmann *) ; “The disease is not 
familial or hereditary, but it appears to have a relationship to disease of the thyroid 
and the thymus glands, which have a tendency to run in families.” (McCarthy *); 
“Heredo-familial tendencies are unknown save for the cases of Marinesco and 
Hart.”” (Wilson *) ; “The occasional presence of some heredo-degenerative stigmata 
naturally points to a congenital predisposition.” (Wechsler ®); “No case is on 
record in which more than one member of a family has been affected.” (Campbell 
and Bramwell‘). 

Xver since the first description of this syndrome by Wilkes, in 1877, and by 
Erb and Goldflam, in 1878, its constitutional character has been emphasized 
by many authors. Oppenheim,* in 1901, mentioned its association with a number 
of neurologic maldevelopments and diseases. Marinesco® noted the condition in 
2 sisters and postulated a hereditary tendency. In an elaborate review of the 
entire literature on this subject, Keschner and Strauss‘ did not note its occur- 
rence in several members in any one family but stated that “the striking develop- 
mental defects and deformities in the nervous system and in other organs found 
in many of these patients are believed by some authors to indicate that congenital 
predisposition plays an etiologic role.” Hart'' reported 2 cases in sisters and 
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Krom the Department of Neurology, Columbia University College of Physicians and 
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1. Bing, R.: Textbook of Nervous Diseases, translated and enlarged by Webb Hay- 
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stated that the familial occurrence of myasthenia is extremely rare. Rothbart *° 
reported + cases of the disease in 4 brothers of a family. He treated 2 of these 
patients ; a third who died in early infancy was reported to have had definite 
signs of myasthenia gravis, and in another brother lagophthalmos developed 
during an infection. 

It would seem that although the familial occurrence of this syndrome is not 
common, its tendency to exhibit constitutional and familial features should not 
be forge ytten. 

REPORT OF CASES 

Case 1.15—Miss A. F., aged 26, a Jewess, born in Poland, was admitted to the New 
York Neurological Institute on April 8, 1942 with the chief complaint of fatigue and drooping 
of the eyelids. 

History —At the age of 11 years the patient first noticed the onset of fatigue and exhaus- 
tion. She could not play and run as well as other children. The symptoms have continued 
to progress up to the present. With the onset of menstruation, at the age of 12% years, 
the symptoms of fatigue became so pronounced during the menses that she could scarcely 
comb her hair without becoming completely exhausted. She observed that her eyelids tended 
to droop when she was 11 years old, especially in the late afternoon, when she was most 
tired. The field of the fatigue gradually extended anc involved walking, swallowing and 
talking. She was hardly able to swallow a glass of water, could not walk a block without 
stopping to rest and was unable to carry out any prolonged activity. When talking she was 
often forced to stop before she had finished because of the tatigue. 

Since 1938 her symptoms have been so severe that she has been practically helpless. She 
has had pains all over her body—at times in the muscles, frequently in the knees. Since 
1939 her eyelids have drooped practically continuously. She has never experienced any 
diplopia but has had pronounced limitation of ocular movements in all directions. 

The patient stated that she felt mentally dull, torpid and “dopey” all the time, with no 
interest in anything; although she spent practically all her time in bed, rest no longer improved 
the condition of her muscles. 

Personal History—The patient had measles 2nd whooping cough in intancy. Her general 
health was good until the age cf 11. The menses were always irregular, occurring at intervals 
of twenty-one to twenty-eight days and lasting six days. Because of the irregular and prolonged 
menses and dysmenorrhea, she was operated on for uterine fibroids in 1938. This measure was 
followed by the menopause. 

Her tonsils and adenoids were removed in 1937. She has had no accidents or injuries of any 
importance. She has had various gastrointestinal symptoms since 1941. At times she has had 
dyspnea on exertion, but she has never observed any edema of the ankles. 

Family History—There were 8 children'in the family, 3 brothers and 4 other sisters, 1 of 
the latter being afflicted with the same disease that this patient presents. None of the other 
6 children had any complaints resembling the condition presented by the 2 sisters reported on 
here. There was, however, a familial background of diabetes and hypertension. 

Physical Examination—The patient was pale and fatigued looking and was_ rather 
stout; she was 4 feet 10 inches (147 cm.) in height and weighed 133 pounds (60.3 Kg.). 
She had brown, coarse hair and a rather myasthenic facies. Elasticity of the skin was 
diminished. She had a moderate amount of hair over the lumbosacral region and patches 
f hair over the tibial crests. Only a few teeth were lett, and some were carious. Her hands 


I 


and feet were small. The thyroid was not enlarged. The mammae were rather large 
and pendulous, with a suggestion of chronic bilateral cystic mastitis. The blood pressure 
was 118 systolic and 72 diastolic. The pulse was regular in rate and rhythm. The heart 
was not enlarged. <A systolic blow was present over the pulmonic area. 

Veurologic Examination—The patient was right handed. Her station was normal. She 


walked with a slow, stiff, hesitant, shuffling gait. She was unable to walk on her toes or 
heels or on a straight line. The muscles felt doughy and lacked the usual tonicity. The 
patient insisted she could not stand on one leg because she was tired. Her speech, although 
distinct at first, became nasal, slow and slurring aiter the utterance of a few sentences, 


12. Rothbart, H. B.: Myasthenia Gravis in Children, J. A. M. A. 108:715 (Feb. 27) 
1937 

13. An earlier report of this case was made by N. W. Winkelman and M. T. Moore 
(Prostigmin in the Treatment of Myasthenia Gravis and Muscular Dystrophy, Arch. Neurol. 


& Psychiat. $7:237-252 [Feb.] 1937). 


| 


IRCOAIVES ~Or NEUROLOGY AND PSYCHIATRY 


separate words becoming scarcely recognizable. The nasolabiai folds were almost  oblit- 
erated. Examination of the cerebral nerves showed the following changes: There were 


lateral ptosis and right internal strabismus. She could not move the right eve outward. 
Upward movement was impaired in both eyes, but downward movements and convergence 


were fairly well maintained. Repetition of these movements resulted in rapid fatigue. The 
pupils were equal and reacted to light and in accommodation. There was a_ moderate 
degree of retinal arteriosclerosis. The facial musculature showed little play as a result 
of internal or external stimuli. She could move the frontalis muscle, but ccntinued movye- 
ments resulted in rapid exhaustion of this muscle. The strength of the masseter muscles 
was normal. The functions of the remaining cerebral nerves were normal except for fatigue 
ot the uvula on repeated elevation. 

Laborato Data—The blocd was normal except for slight anisocytosis and occasional 
polychromatophilia. The erythrocyte sedimentation rate was 12 mm. in one hour. The 
serum cholesterol measured 240 mg. per hundred cubic centimeters. The blood sugar was 
103 mg. per hundred cubic centimeters. The creatinine excretion was 792 mg. in twenty- 
four hours and the creatine excretion was zer [he basal metabolic rate was —15 
per cent 

Roentgenographtc Examination—The skull was normal. Roentgenograms of the chest 
evealed nothing abnormal except for scoliosis in the upper dorsal region Lateral and 


oblique views showed no evidence of a mediastinal tumor. 


Ptosis, the result of pronounced fatigue following movements of the frontalis muscle and 


opening and closing of the eves for twenty seconds. 


Electrical Examination—The Jolly reaction was slightly positive in the abductor minimi 
giti and the extensor digitorum communis muscle. Values for chronaxia were within the 
normal range. After faradization of the frontalis muscle, there was an increase in chronaxia 


] 
ail 


to about twice the normal value, which was consistent with the diagnosis of myasthenia 
eravis. 


Vental Status —The intelligence quotient was 65. 

VWedication—The patient had received various types of medication. Ephedrine at first 
helped her a great deal, but she has obtained no benefit from its use since 1939. She has 
also been given prostigmine. Prior to the operation in 1938 the drug was effective, but 
since then it has been ineffectual. Administration of the drug did not improve the defects 


in the lateral gaze but did increase the movements of the eyelids. 
Case 2—Mrs. S. O., aged 38, married, a sister of A. F. (case 1), was also admitted to 
the Neurological Institute on April 8, 1942, with the chief complaint of diplopia, fatigue and 


drooping of the eyelids. 


History of Illness—Fatigue had been present since the age of 14 years and drooping of 
the eyelids since the age of 8 years. At the age of 14 years the patient noticed that she 
became more fatigued than the other children with whom she plaved, and this tendency 
grew worse over a period of years. In 1938 the fatigue and exhaustion became extreme. 
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ombing her hair or walking even a 
y induced ingravescent fatigu 
noticed that when she talked she could not finish what she was saying because she became s 


Her extremities felt like lead. Any activity, such as c 


block, could scarcely be completed because of the rapid e. She 
| 
| 1 


tired. Swallowing had become progressively difficult, until she could scarcely complete the 
drinking of a glass of water before tiring. She could, however, eat solid food, but chewing 
became difficult long before the end of an average meal. The fatigue formerly passed off 
after she had rested for a while, but since 38 she had been tired all the time. She felt 
that from 1938 until 1940, that is, after her hysterectomy, she was much better than before. 


She was more energetic, could walk better and could take care ci herself without any 


difficulty. She could swallow, talk and eat as well as other people, but in 1940 the severity 
of the previous symptoms, which had almost incapacitated her in 1938, recurred with greater 
intensity than before. The progressive severity of these symptoms has continued up to the 
present. 


The patient’s mother noticed that at about the age of 8 years the child’s eyelids seemed 
to droop. This persisted until the age of 23, when an operation was performed to rais¢ 
the lids. This measure gave relief for six months, when the lids again drooped. At present 
when she is tired, her eyelids close despite any effort to keep them open. Diplopia is present 
whenever she is fatigued. 

Since the age of 14 the patient has noticed limitation of movements of her eyes in all direc- 
tions and has had to turn her head to see objects on either side. 

All the aforementioned symptoms formerly were absent in the morning, after a night’s rest 
However, during the past few vears these symptoms have become aggravated and have been 
present practically constantly, even after a night’s rest. She has noticed that she perspires a 
great deal, frightens easily and has become dull, torpid 1 without interest in anything. She 
spends most of her time in bed. 

Personal History—The patient sleeps normally. She began to wear glasses seventee 
years ago. Her periods began at the age of 17, occurring every twenty-one days and 
lasting about six days. Because of irregular menses and profuse bleeding, a hysterectomy 
was performed in 1938. In 1940 she had symptoms suggesting a menopausal syndrome, 
with hot flushes, nervousness and shooting pains. She had occasional nocturia, and on rare 
occasions frequency of urination. She has never been pregnant. She is constipated. 

Physical Examination.—The patient was moderately well developed, weighed 125 pounds 
(56.7 Kg.) and was 4 feet 11 inches (149.8 cm.) tall. She was pale and sallow, with a 
wrinkled skin, and was moderately obese. The thyroid was not palpable. The mammae were 
large and pendulous. The pulse was regular in rate and rhythm. The heart was not 
enlarged, and the heart sounds were of good quality, but the aortic second sound was 
greater than the pulmonic second sound and was bell-like in quality. The blood pressure 
is 150 systolic and 90 diastolic. 

Neurologic Examination.—The patient was right handed. Her station was normal. She 
walked with a slow, awkward, stiff gait. She was unable to walk on her heels or toes or 


on a straight line. The muscles were generally flabby, and the muscles of the thigh felt 
doughy. She was unable to stand on one leg because of weakness. She talked with a slight 
nasal twang, and her voice fatigued readily Speech was slurred and bulbar in type. In 
contrast to her sister’s, her face was full of expression, although there was bilateral ptosis 
and the eyebrows were held in an arched position. The nasolabial folds were well outlined 
All the deep reflexes were active and within normal limits. The abdominal reactions were 
present, and the plantar response was normal. The sensory status was normal for all 
modalities. The cerebral nerves showed the following changes: There were bilateral ptosis 


and limitation of ocular movements in the lateral direction. Upward movements were also 


limited in both eyes, but convergence was fairly well performed. High grade myopia was 
present. The pupils were even and reacted to light and in accommodation. The fundi were 
well visualized, and there was a moderate degree of retinal arteriosclerosis. She was able t 
move the frontalis muscle well, but repetition of these movements resulted in rapid fatigue. 
The strength of the masseter muscles was normal. The functions of the remaining cerebral 
nerves were normal. 

Laboratory Data.—The blood count was normal except for slight anisocytosis. Thi 
serum cholesterol measured 278 mg. per hundred cubic centimeters. The creatine excreti 
rate was 32 mg. and the creatinine excretion rate 606 mg. in twenty-four hours. The basal 
metabolic rate was 20 per cent. 

There was no evidence of enlargement of the spleet The skull was normal. 

Electrical Examination—The muscles of the face did not show any fatigue reacti 
anv increase of chronaxia after fatigue. The Jolly reaction was slightly positive in the 


extensor digitorum communis muscle 
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Mental Status—The intelligence quotient was 76. 

Medication—This patient, like her sister, benefited little from any form of medication, 
She has been to numerous physicians and has had many kinds of medication. Until approxi- 
mately a year ago, ephedrine roused her from her torpor and exhaustion, but for the past 
year or year and a half, this drug has had no effect whatever. However, neither of the 
sisters had ever been given systematic treatment with prostigmine. Prostigmine methyl- 
sulfate was given in the usual dosé for diagnostic confirmation, and both patients responded 
satisfactorily. 

SUMMARY 

The 2 cases of myasthenia gravis, occurring in sisters, presented here fulfil 
satisfactorily the requirements for the diagnosis of this syndrome. 

1. The onset of the disease was characterized by weakness of striated muscles 
and involvement of the ocular and bulbar muscles. 

2. Abnormal and unusual fatigue was the outstanding feature in each case. 
This was demonstrated repeatedly. 

3. A history of remissions and exacerbations was present in each case. 

4. The myasthenic reaction of Jolly was definitely positive in 1 case and mildly 
positive in the other. 

5. Both the patients had low intelligence quotients. ; 

6. Temporary improvement, even though of short duration, followed the injec- 
tion of prostigmine methvlsulfate in both cases. 

7. The familial background was one of diabetes, hypertension and cardiac 
clisease. 

These 2 cases of myasthenia gravis constitute the fourth instance reported in 
medical literature in which more than one member of a family was involved. 
It is believed that a more careful search and a complete history in each case of 
myasthenia may reveal additional data concerning a tendency of this disease to 
develop in more than a single member of a family. 


The chronaxia tests were performed by Dr. Joseph Moldaver, and the psychometric 
examinations, by Miss Gladys Tallman. 
117 East Seventy-Second otreet. 


10 West One Hundred and Tenth Street. 
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News and Comment 


SYMPOSIUM ON MILITARY PSYCHIATRY 


The Michigan Society of Neurology and Psychiatry devoted its meeting of March 25, 1943 
to a round table discussion on the subject “The Importance of Neuropsychiatry in the Selection 
of Men for the Armed Forces.” Dr. John M. Dorsey, president of the society, presided at the 
meeting, and Dr. Thomas J. Heldt, physician-in-charge of the Division of Neuropsychiatry 


at the Henry Ford Hospital, Detroit, acted as moderator. The speakers included Col. Leonard 
G. Rowntree, Medical Corps, Army of the United States, Medical Director of the Selective 
Service System; Brig. Gen. LeRoy Pearson, Medical Corps, Army of the United States, 
Director of the Selective Service System for the State of Michigan; Lieut. Col. William C. 
Menninger, Medical Corps, Army of the United States, Neuropsychiatric Consultant to the 
Fourth Service Command, Medical: Branch, Atlanta, Ga.; Commander Francis J. Braceland 
(MC), U. S. N. R., National Naval Medical Center, Bethesda, Md.; Major Clarence I. Owen, 
Medical Corps, Army of the United States, State Medical Officer, Selective Service System for 
the State of Michigan, and Lieut. Col. Roscoe W. Cavell, Medical Corps, Army of the United 
States, Senior Medical Officer, Detroit Army Induction Station, Detroit. 

The purpose of the symposium was to bring together representatives of the Selective Service 
System and the armed forces in order to promote a better mutual understanding of the neuro- 
psychiatric problems which occur in the selecticn of men for the armed forces and in order to 
emphasize the need for recognition of potentia! neuropsychiatric casualties. The meeting was 
open to physicians and officers of the local draft boards 
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\t the ninety-ninth annual meeting of the American Psychiatric Association in Detroit, 
May 10 to 13, 1943, the following officers were elected: president, Edward A. Strecker, M.D., 
Philadelphia; president-elect, Karl M. Bowman, M.D., San Francisco; secretary-treasurer, 
Winfred Overholser, M.D., Washington, D. C.; auditor, Ralph C. Hamill, M.D., Chicago; 
councillors, Thomas A. Ratliff, M.D., Cincinnati; Arthur H. Ruggles, M.D., Providence, R. I.; 
Raymond W. Waggoner, M.D., Ann Arbor, Mich., and G. Alexander Young, M.D., Omaha. 
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Abstracts from Current Literature 


EDITED BY Dr. BERNARD J. ALPERS 


Anatomy and Embryology 


STUDIES OF Livinc Nerves: VII. Growrn ApJUSTMENTS OF CUTANEOUS TERMINAL A 
ZATIONS. CARL CASKEY SPEIDEL, J. Comp. Neurol. 76:57 (Feb.) 1942. 


RBORI- 


1 


Speidel studied in living tadpoles the changes in cutaneous nerve endings during growth 
from shortly after hatching until the fully grown stage. He found that individual endings 
of the same fiber independently may undergo either extension or retraction, that new branches 
may arise and grow out and that old branches may be entirely eliminated by either retraction 
or degeneration. Degeneration was sometimes preceded by autotomy. During a period of 
twenty-six days, 38 endings developed on a terminal arborization, and 13 were eliminated. The 
longest ending was 200 to 250 microns. In a forty-eight hour period the extension was usually 
less than 100 microns and the retraction less than 50 microns. The shape of the terminal 
swelling varied according to the activity of the arborization. Shifts in position of a nerve 
ending tip were brought about by growth or retraction, by retraction followed by growth in 
a new direction, by development of a new branch followed by loss of the old tip and by 
degeneration of a variable length near the tip with or without preceding autotomy. Aberrant 
endings located deeply sometimes underwent adjustment to reach the surface. 


FRASER, Philadelphia. 


EXPERIMENTAL VERIFICATION OF THE DIFFERENCES IN THE ARGYROPHILIA OF SYMPATHETIC 
POSTGANGLIONICS AND OF OTHER NERVE Fipers. José F. Nonipez and Kenprick Hare, 
J. Comp. Neurol. 76:91 (Feb.) 1942. 


In order to verify that the pale fibers in the cardiac nerves are sympathetic postganglionic 
fibers, Nonidez and Hare excised the ventral roots and dorsal root ganglia from the first to 
the sixth thoracic segment unilaterally in 2 puppies. A week later the vagosympathetic trunk 
in the neck and the sympathetic chain at the level of the fifth rib were cut. The animals 
were killed eight and thirteen days later. The sympathetic chains from each side were prepared 
with silver. Some regeneration of preganglionic roots had occurred in both animals. The 
ganglia which had been operated on showed (1) absence of the intercellular plexus formed by 
the terminal branches of the preganglionic fibers; (2) only a small number of deeply stained 
fibers,- which were preganglionic fibers either degenerating slowly or undergoing regeneration, 
and (3) intact postganglionic fibers all lightly impregnated. Nonidez and Hare suggest that 


the differential argyrophilia is probably due to chemical differences in the protoplasm of the 


neurons. Appison, Philadelphia 


Tue ToprcAL ORGANIZATION AND TERMINATION OF THE FIBERS OF THE POSTERIOR COLUMNS 
IN Macaca Mutatta. A. Ear WALKER and THomMaAs A. WEAVER Jr., J. Comp. Neurol. 
76:145 (Feb.) 1942. 

Walker and Weaver sectioned the posterior roots in 8 macaque monkeys; in 16 animals 
chordotomy or myelotomy was performed. In these operations the posterior columns were 
sufficiently injured to give a reaction with the Marchi technic. In general, the ascending 
fibers are displaced medially and dorsally by more proximal incoming fibers. The fibers of 
the sacral roots ascend in the posterior column along the midline and in the dorsomedial angle 
of the funiculus, ending in the caudal and medial portion of the nucleus gracilis. The fibers of 
the lumbar roots pass rostrally in the middle of the fasciculus gracilis and terminate in the 


nucleus gracilis slightly oral and lateral to those from the sacral roots. As the fibers from 
lower segments ascend in the posterior column, many pass into the posterior horn and end 
there, so that less than half of the sacral fibers observed in the lumbar region are present in 
the cervical region. The fibers from the lower thoracic roots traverse the lateral portion of 
the fasciculus gracilis and end in the oral and lateral parts of the nucleus gracilis. The fibers 
from the upper thoracic roots ascend in the medial part of the fasciculus cuneatus and terminate 


in 

fro 

in 

TI 

It 
ant 

on 

ve 
de 

ne 

lat 

| in 
su 

hi 

fa 

T 

th 

sy 
re 
of 

iS 

) 

n 

a 

e 

|_| 


ABSTRACTS ROM CURRENT LITERATURE 911 


in the medial parts of the nucleus cuneatus proprius and nucleus cuneatus externus. The fibers 
from the cervical roots lie in the lateral portion of the cuneate fasciculus and terminate laterally 


i cuneate nucleus. : : 


THe DEVELOPMENT OF LATE GASTRULA ECTODERM IN REGENERATING TISSUE OF RANA PIPIENS 

LARVAE. HeENry S. Emerson, J. Exper. Zool. 90:353 (Aug.) 1942. 

Late gastrula ectoderm in the blastema form- atypical brains, eyes with lenses and cartilage. 
It also forms definitive epidermis, suckers, hcray jaws and teeth and nasal sacs. Brain, eyes 
and cartilage are confined to the presumptive neural plate, while presumptive epidermis forms 
only definitive epidermis and epidermal derivatives. The latter ectoderm curls up into a 
vesicle with the outer ectodermal surface inside, but the organs of the central nervous system 
develop directly from the ectoderm without forming a vesicle. Since nasal sacs without any 
nerve tissue, as well as horny teeth and jaws, come from gastrula ectoderm taken from the 
large yolk plug stage, there is good evidence that the normal development of these organs is 
induced by the roof of the archenteron, and not by the forebrain. Nearly all of the ectodermal 
surface of the late gastrula can form suckers in the blastema. Since the morphogenesis and 
histogenesis of the graft derivatives are nearly normal, the mesenchyme of the blastema is a 
favorable environment for the development of embryonic tissues and organs. 

Wyman, Boston. 


THe Nervous SYSTEM AND REGENERATION OF THE FORELIMB OF ADULYT TriturUS: I. THE 
ROLE OF THE SYMPATHETICS. Marcus Sincer, J. Exper. Zool. 90:377 (Aug.) 1942. 


Removal of the somatic supply to the forelimb (Triturus viridescens) by extirpation of 
the third and fourth or of the third, fourth and fifth spinal ganglia without damage to the 
sympathetic nerve supply was not followed by regeneration except in a few animals. The 
regeneration could be explained on the basis of somatic fibers. After unilateral sympathectomy 


of the cord typical regeneration occurred. It is concluded that the normal sympathetic supply 
is not essential for regeneration, whereas the somatic supply in part is required. 

WyMan, Boston. 
TRANSPLANTATION OF ANEUROGENIC Fort IBS IN AMBLYSTOMA PUNCTATUM. JEAN PIatTT, 


J. Exper. Zool. 91:79 (Oct.) 1942. 


Forelimbs made aneurogenic by extirpation of segments 
2 ] ten to fourteen days after feeding (parabiosed to a normal 


1 


of the spinal cord at stages 23 t 


25 were allowed to develop until 
mate) and then were grafted in place of the right forelimb of a normal larva. Normal function 
of the grafted forelimbs occurred as early as fifteen days after transplantation. The nerve 
was almost normal in the majority of limbs 


pattern formed by the brachial nerves of the host 
and was never chaotic. The innervation of specific muscles was within the limits of normality. 
Prior to transplantation none of the li 


examination of the donor animals revealed that there was no possibility of innervation in 19 
] 


mbs showed any motor or sensory activity, and histologic 


of these animals. Piatt concludes that nerves can form almost normal distribution pathways 


within an organ the histogenesis and morphogenesis of which have been completed prior to 
nerve invasion and the tissues of which are devoid of degenerating nerves. The role of the 
nerve fiber in attaining its peripheral distribution may not be entirely passive. 

Boston. 


Physiology and Biochemistry 


I M OF BRAIN SUSPENSIONS: I. OxyGen Uptake. K. A. ELtiotrt 
and B. Lipset, J. Biol. Chem. 143:227, 1942. 

Suspensions of brain tissue, prepared by homogenization in mediums made isotonic with 
salts, sucrose or dextrose, respire up to 400 per cent faster than suspensions prepared in hypo- 


tonic mediums. An isotonic solution of urea behaves like a hypotonic medium. Addition of 
salt or sucrose to a suspension homogenized in a hypotonic medium causes increases up to 
65 per cent in the respiratory rate The initial respiration of dextrose-containing isotonic 
brain suspensions in sodium chloride is considerably decreased by small amounts of Ca** or 
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Mg,** but these ions improve the maintenance of activity. The magnesium ion has little effect 
in the absence of dextrose or in hypotonic suspensions. The presence or absence of bicarbonate 
has no effect. Sodium chloride, sodium sulfate and sodium phosphate have specific stimulating 
effects. The potassium ion is inhibitory. Suspensions respire initially at the same rate in air 
as in oxygen. After an hour the respiration is progressively inhibited by oxygen. Oxygen 
inhibition can also be shown with slices of cortex. Dilution of isotonic suspensions with jso- 
tonic medium has little effect on the activity per unit weight of tissue. The activity of hypo- 
tonic suspensions decreases somewhat on dilution. 

Homogenization in a hypotonic medium causes brain largely to lose the power of oxidizing 
dextrose. Small additions of citrate to dextrose-containing isotonic suspensions cause increases 
in the initial respiratory rate, which are dependent on the presence of magnesium. With or 
without magnesium, citrate improves the-maintenance of the rate. In the absence of dextrose 
and in hypotonic suspensions citrate has no effect or inhibits slightly. Malate causes an initial 
acceleration of respiration, followed by some inhibition, in the presence or absence of dextrose 
and magnesium; its accelerating effect is larger with hypotonic suspensions. Fumarate slightly 
accelerates the initial respiration of isotonic suspensions and causes improved maintenance of 
rate. With hypotonic suspensions fumarate causes considerable initial acceleration, but less 
than malate, and inhibition does not set in. Heated liver extract causes considerable initial 
increase in respiration, especially with hypotonic suspensions, followed by inhibition. Insulin 
has no effect. Metrazol in relatively high concentration inhibits respiration. 

The respiratory activity of slices of cortex and that of suspensions of whole brain are 
compared. The authors show that slices and suspensions behave in most respects in the same 
way but that isotonic suspensions are possibly more suitable, and certainly more useful, prep- 


arations for studies of brain metabolin. Pace, Indianapolis. 


HISTOCHEMICAL CHANGES ASSOCIATED WITH AGING: II. SKELETAL AND CARDIAC MUSCLE 
IN THE Rat. QO. H. Lowry, A. B. Hastines, T. Z. Hutt and A. N. Brown, J. Biol. 
Chem. 143:271, 1942. 


The concentrations of water and chloride in the skeletal muscle of the rat decrease during 
growth and rise again in old age. The concentrations of potassium and phosphorus likewise 
decrease during growth but continue to fall in senescence. The changes in cardiac muscle are 
similar but much less pronounced. Considerable variation exists in the extent of the chemical 
changes in the muscle of the oldest animals. When these changes are interpreted histo- 
chemically, there appears to be an increase during growth in the proportion of intracellular 
tissue at the expense of the extracellular compartment. In the middle period of life little 
change is observed; but in senescence the relative mass of the intracellular compartment 
decreases, particularly in skeletal muscle, leaving a greatly increased extracellular compartment 
In the adult the proportion of extracellular material is much greater in cardiac than in 
skeletal muscle and the increase with age is much less extensive. 

These changes in the relative amounts of the major tissue compartments may have impor 
tant consequences: (a) The increase in the amount of extracellular fluid in skeletal muscl 
age may affect the efficiency of exchange between blood and fibers; (/) the variation 
during life in the proportion of fibers in a given weight of muscle may explain some. ot the 
Pes. 


12 


changes occurring in the metabolic activity and mechanical ability of muscle at different 


During senescence no evidence was found for desiccation of the whole muscle, the extracellular 


portion of tissue or the fibers The changes in the water and solids of the extracellulat 
compartment of cardiac and skeletal muscle during aging were slight. The concentration 

collagen in the extracellular compartment was not increased in old age The intracellular 
concentrations of phosphorus and potassium decreased during growth in skeletal muscle, but 


during senescence the concentrations of water, total phosphorus and potassium in the muscle 
fibers underwent no significant change. Similarly, senescence produced no definite change in 


the water and total phosphorus concentrations in the cardiac muscle fibers. 


Pace, Indianapolis. 


Psychiatry and Psychopathology 
if O} NERVOUS CONDITIONS. 


THE NEUROMUSCULAR HYPERTENSION AND THE UNDERSTANDING 
TryGVE Braatoy, J. Nerv. & Ment. Dis. 95:550 (May) 1942. 


Pain and fatigue are symptoms caused by a multitude of factors, some of them so obscure 
that even painstaking clinical investigation fails to explain them. Under this category fall the 
complaints of many patients usually designated as neurotic, although the author points out 
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that all healthy persons have at times suffered from ill defined and poorly localized sensations 
of pain and tiredness in a limb. These feelings actually originate within the muscles; hence 
it is of great importance for the physician to be able to test the state of muscular tension or 
relaxation and for the patient to become aware of it. In educating the patient to awareness of 
training must be instituted. Considerable individual 


his muscle sense, a careful course of 
variation is found, and there is difficulty in making the patient distinguish between contraction 


of single muscles and movements of a part. 


Braatoy believes that muscular overstrain, or, as he calls it, hypertension, is frequently the 
starting point for neurotic symptoms. Sometimes the actual mechanism of “repressing an 


emotion” lies in contracting the maxillary, respiratory and abdominal muscles, and the main- 
4% some degree of contraction over a long period may cause pains due to muscular 


tenance 
hypertension. A natural accompaniment is the sensation of fatigue. 

Such more or less fixed hypertension of the respiratory and abdominal muscles leads to at 
interest in the behavior of respiration in neurotic persons, which shows that there is practically 
always failure to relax the muscles, with consequent costal breathing. Because of the reflex 
relationship between muscular tonus and vegetative functions, relaxation in the breathing habits 
ther systems, such as the vascular and the gastro- 


of a patient often leads to improvement in « 


intestinal apparatus. 
One result of the author’s muscle sense training in 2 cases was the eliciting from the patients 
of material of anamnestic value, brought out by specific findings referred to the muscular 
system. Also, the differential investigation of muscle sense, especially with regard to asym 
metries, may provide a clue to the existence of neurologic abnormalities. 


Cuoporr, Langley Field, Va. 


REPORT OF A FAMILY EXHIBITING HEREDITARY Mirror MOVEMENTS AND SCHIZOPHRENIA. 


BERNARD C. Meyer, J. Nerv. & Ment. Dis. 96:138 (Aug.) 1942. 
he occurrence in various members of the same family group of schizo- 


Meyer discusses t 
gic relationship between 


phrenia and pathologic synkinetic phenomena. Since a possible etiol 
the two conditions was suggested, a complete family pedigree was prepared in order to inves 
tigate the hereditary aspects of the problem. Hereditary synkinesia has been shown to be 
transmitted as a single dominant factor, and the occurrence of the disorder in the family 
studied followed such a pattern. In accordance with Kallman’s investigations, schizophrenia 
Was considered to be based On a 


single recessive genetic factor, and the number of cases of 
schizophrenia, schizoid personality and schizoid psychopathy found on both sides of the family 
vith the expectations to be fulfilled in accordance with this  beliet 


was entirely consistent 


Meyer concludes that the two conditions are completely independent of each other from t 
genetic view, each factor following its own line of inheritance 
Mirror movements have been described in persot vith hemiplegia and hemiparkinsonis 
and a physiologically healthy activity in infants and voung children. In pathologic cases 
the lesion responsible tor the condition has been p y various authors in t substant 
spinal cord and a hypothesized inhibitory ce n the 1etal lob \Levye Heleves 
' e of the suggested sites origin « clinical cases and suggests instear 
that the svndrome S due to break any are ction pat Vay ciose to but not 
dentic ith, the pyrar il tract movement t be regarded as a releas 
henomenon similar in nature to t hyperactive reflexes of disease of the pyramidal tract 
Mirror movements initiated by passive motion are attributed to an identical mechanism except 
that here the movement is the effector end of a reff ire initiated by a proprioceptive stimulus 
Cnoporr, Langley Field, Va 
VIsuAL HALLUCINATION DURING PARA HYDE A XN. Marcet Herman, J. Nerv. & 
Ment. Dis. 96:251 (Sept.) 1942. 


\ddiction to paraldehyde in some cases causes rather characteristic visual hallucinations, 


especially during withdrawal periods and usually as part of a delirious state. Heiman reports 
the case of a paraldehyd who frequently had a visual hallucination in the form of 
symmetric fernlike net, which under certain conditions gave the illusion of movement. 7 
pattern of the hallucination resembled closely the type of “ferm constants” described as seen 
under the influence of mescalin Phe phenomenot is perceived only under conditions of 
listinct lighting and incomplet laptatic ! ing nature of t Ilucination ¢ 
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time it appeared suggested comparison with the visual aura preceding an epileptic seizure. 
The pattern of the phenomenon was probably determined by the fact that the patient was 
looking at a plant composed almost entirely of stems and sialks just before its first appearance, 
Thus, like a visual aura, the experience seemed to consist mainly of a forced repetition and a 
rigid aiter-effect. Its physiologic substrate appeared to depend on a state of increased irrita- 
bility of a cortical area during the patient’s withdrawal period. The phenomenon, when present, 
filled the entire visual field, and its appearance was accompanied by inability of the patient to 
orient himself in space. The apparent movement of the phenomenon was related to the patient's 
own movements and is explained on the basis of disturbance of spatial stability, which is 
ordinarily maintained by harmonizing forces belonging to the vestibular and the optosensory 


apparatus. Croporr, Langley Field, Va. 


Micropsia. Lro H. BarteMEIER, Psychoanalyt. Quart. 10:573, 1941. 
Hysterical micropsia differs from that of organic origin in that the object appears to recede 
as it becomes smaller and there is microscopic vision even when the lids are closed. In 


Bartemeier’s patient, a married woman aged 28, the micropsia was a conversion symptom 
expressing a wish that the object toward whom the patient had hostile feelings, might be 
removed and thus destroyed so that the patient could not harm it. The symptom followed 
the birth of a younger brother, which made the patient intensely ashamed of her mother and 
angry at her father and the baby. The path to the use of the eyes for the purpose of expressing 
hostility lay throug] 


the childhood experience that when the patient was angt ‘er mother 
she made faces and crossed her eyes. This induced the mother to warn her tha. ‘! 1s practice 
would hurt her eyes. As in the cases reported by Inman, the aggression was oral and originated 
in a prolonged nursing period and subsequent inability to express fully her intense aggression. 


PrEARSON, Philadelphia. 


MyASTHENIA GRAVIS AND Psycuosis. M. Hayman, Psychosom. Med. 3:120 (April) 1941. 
Hyman describes a case of myasthenia gravis in which, two years after the onset of the 
illness, there developed a psychiatric disorder characterized by depression and delusions of 
persecution and of grandeur. These delusions were colored by the somatic symptoms of the 
patient. As was to be expected, the emotional upheaval of rage which occurred on the slightest 
provocation resulted in severe respiratory embarrassment. The author speculates concerning 
the possibility of a more or less specific reciprocal relationship between the somatic and the 
psychic manifestations which were present in this case of myasthenia. 


SCHLEZINGER, Philadelphia 


[THe INCIDENCE OF NEUROSIS IN CASES OF BRONCHIAL ASTHMA. V. SCHATIA, 


Med. 3:157 (April) 1941. 


Psychosom. 


Schatia studied a series of 40 cases of bronchial asthma by means of the Rorschach test in 


effort to determine the incidence and character of the neurosis. The interpretation of the 
composite Rorschach record in this series apparently indicates that asthmatic patients have 
psychoneuroses of the obsessional type. Their personalities are characterized by a tendency 


to rigidity in their reactions, with covering of emotional turmoil by excessive intellectualization. 


SCHLEZINGER, Philadelphia 


HE EMOTIONAL SETTINGS OF SOME ATTACKS OF Urticaria. L. J. Saut and C. BERNSTEIN JR. 


Psychosom. Med. 3:349 (Oct.) 1941 


Saul and Bernstein consider the problem of urticaria as a psychosomatic manifestation 
through a detailed investigation of a single case They focus their attention not on the details 
of the patient’s personality structure but on the emotional states occurring at the time of the 
urticarial attacks. 


he subject for study was a young woman with intense longings for love 
who was unable to satisfy these desires by normal sexual relationship with a man because ot 


her fears and inhibitions. Urticaria developed at times when her desires were especially 
stimulated and frustrated. Twelve urticarial episodes were observed during the analysis, and 
their emotional settings are described. Eight of them occurred in connection with dreams 


hich ended always on the verge of frustration in 


a situation in which a desire was portrayed 
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as almost but not quite satisfied. Other types of dreams were never followed by urticaria. 
However, a repetitive dream in which a reached-for object or person slipped from the patient's 
grasp was sometimes followed by weeping instead of by urticaria. The urticaria appeared 
when weeping was repressed and often ceased when the patient cried. The findings were con- 
firmed by the analysis of a second patient and by a few observations on 5 patients who were 
examined in interviews. On the basis of these results, as well as other observations in cases 


of asthma, Saul and Bernstein suggest the possibility that there may be a relationship between 
certain states of allergic sensitivity and psychodynamic states of intense frustrated longings. 


SCHLEZINGER, Philadelphia. 


BLoop PRESSURE AND PULSE CHANGES IN NORMAL INDIVIDUALS UNDER EMOTIONAL STRESS: 
THEIR RELATIONSHIP TO EMOTIONAL INSTABILITY D. P. Morris, Psychosom. Med. 
3:389 (Oct.) 1941. 


Morris utilized a group of 62 student nurses between 18 and 25 years of age and a group of 
17 student pilots between 19 and 25 years of age in an effort to determine whether there was 
any correlation between emotional instability and blood pressure or changes in pulse rate in 
normal persons subjected to emotional stress. The blood pressures and pulse rates of the 
student nurses were obtained at their initial physical examination, which was considered by t 
author to be an experience characterized by considerable emotional stress. Similarly, the blood 
pressures and pulse rates of the student pilots were obtained at the time of the qualifying 
physical examination, but they were also studied at the time of the initial flight, and in a few 
ases just before the initial attempt to perform a difficult aeronautic maneuver. Relatively 


superficial psychiatric surveys were made of the subjects in both groups. From the data 
obtained, it is concluded that elevations of the systolic blood pressure of 10 to 30 per cent above 
the basal level in situations of mild emotional stress are not abnormal. It was further noted 
that there was no correlation between these elevations in blood pressure and the incidence of 


cardiovascular disease in the family. The changes in pulse rate were more variable than the 
blood pressure and included both increases of 40 per cent and decreases of 20 per cent. The 
author concludes that vascular reactions to emotional stress such as were obtained in the 
nurses and student pilots are so common that they can be considered a normal physiologic 
SCHLEZINGER, Philadelphia. 
\IN POTENTIALS AND MorRPHINE AppicTIoN. H. | ANDREWS, Psychosom. Med. 3:399 


(Oct.) 1941. 


\ndrews studied the electroencephalograms of a series of 50 men during a period of main- 
tained addiction to morphine, as well as the records of another series of 50 men in whom 
addiction to morphine had been terminated for at least one year. It was observed in both 
groups that the distribution curves for the percentage of alpha activity did not conform with 
the electroencephalographic patterns described for normal subjects. The records of men during 

} 
b 


maintained addiction to morphine were characterized by an abnormally high percentage of 


alpha activity associated with a lowered alpha frequency In some instances the high alpha 


index was maintained after withdrawal of morphine, while in others there was a sharp drop. 
Of particular significance was the fact that a high percentage of alpha activity was maintained 
during the active phase of withdrawal in spite of a high degree of emotional tension, which in 
normal subjects usually abolishes the alpha rhythm. Because of the comparatively slight 
m, the author infers that the primary 


effects of withdrawal of the drug on the electroencephalogt 
halamic system but rather on the hypo- 


a 
reaction of morphine is not on the cortex or the corticothal 
thalamus. 

In general a single dose of morphine had no appreciable effect on the brain potential record 
of a nonaddict. However, for 1 patient a characteristic sleeping rhythm was recorded when 


le Was NOt asicep SCHLEZINGER, Philadelphia. 


Mirirary Psycur1atry. C. Porter, War Med. 2:543, 1942 


Porter raises a number of interesting questions in relation to psychiatric problems among 
the armed forces. He points out that the rejection of an inductee for psychiatric reasons may 
work the inductee harm on return to his community. He suggests that instead of certifying 


i man as rejected for psychiatric reasons, it would be better to state that the inductee is not 
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suited for military service because of personality defects but is suited or unsuited for selected 
civilian war work. He asks the question whether present psychiatric knowledge is  sufficien 
to make certain that the men they reject are really unsuited for military service and cites a 
number of examples of men who seemed unsuited but made excellent soldiers. In this con- 
nection it is interesting that the Nazis and Gillespie of the Royal Air Force depend more on 
estimation of the character and temperament of the inductee than on any formal tests. In the 
light of the experiences of the last three years it 1s apparent that mobile warfare is not as 
liable to cause psychoneuroses as trench warfare was, probably because in mobile warfare there 
is more opportunity to express aggression adequately. The evacuation from Dunkirk pro- 
duced a number of cases of acute neuroses, which disappeared completely under a few days 
ot treatment. 

Porter believes it is important to study groups of soldiers, selected on the basis of their 
family and past histories, because only from such a study can any real criteria for future 
selection be obtained. It is important, also, after an inductee has entered the service that a 
caretul study of him be made in order to fit him into his proper niche. 


PrARSON, Philadelphia. 


ELECTRO-ENCEPHALOGRAPHIC STUDIES OF PsyCHOPATHIC PERSONALITIES. DENIS HILt and 
Donatp Watterson, J. Neurol. & Psychiat. 5:47 (Jan.-April) 1942. 
Hill and Watterson made electroencephalographic studies on 151 patients with psychopathic 
2 control patients. The 


psychopathic patients were divided into aggressive, inadequate and mixed types. The last 


personalities and compared the observations with those made on 5 


included persons with neuroses, psychoses and epilepsy superimposed on psychopathy. Of the 
151 patients, 48 per cent had abnormal electroencephalograms, of which 13 per cent showed 
abnormalities in the record during rest, 15 per cent after hyperventilation and 20 per cent 
under both circumstances. Of the total control group, 15 per cent had abnormal electro- 
encephalograms, a higher figure than that given by other workers. The authors found in the 
family and personal histories of the controls with abnormal electroencephalograms many 
instances of aggressiveness, impulsiveness and irritability. Of 66 predominantly aggressive 
psychopathic patients, 65 per cent had abnormal electroencephalograms, while of 38 pre- 
dominantly inadequate psychopathic persons 32 per cent had abnormal records. The electro- 


| 


encephalograms of purely delinquent persons and of subjects with sexual perversions were for 
1 
A 


the most part normal. Only 1 of 11 epileptic patients with aggression in the mixed group had 
a normal electroencephalogram. Thus, four times as many aggressive psychopathic and twice 
s many inadequate psychopathic persons as controls had dysrhythmia. The abnormal resting 
record as a single factor plays a greater part in the dysrhythmia of the nonaggressive grouy 
vhile abnormal response to hyperventilation is of equal frequency in the two groups. A closer 
relationship between past injury to the head and dysrhythmia was found to exist in the no: 
iggressive than in the aggressive group. Epilepsy, though a rare factor in the authors’ materi 
! sociate ith aggressive psychopathy produced a higher percentage ot abno 
ectroencephalograms than when either condition existed alone \geressive bad temper 
ound ne three times as frequently among the first degree relatives iweressive psyve 
vathi ities amon ersons of the inadequate group, and dysrhythmia was re comn 
the mi rroup with such a family history The results prove that the electroencephal 
Bo stent ibnormal 1 rOTeESSIVE sychopathic subjects may e tt 
xplanation 11 failure of development or in immaturity of the central nervous system in su 
t < SINCE ubnort t Ss of the electroencep| O2TalNl ire 


\\ 1) LEO! »ARD, Arch. brasil. de med. 32:83 (Ma 
104? 
Bard tes briefly that disturbances of the nervous system without underlying org: 


ury occur in time of war. The disturbances are more frequent among noncombatants than 


among combatants, and are frequent even among persons in neutral countries not involved 
the actual conflict. Such people follow anxiously bulletins, journals and radio programs and 
react with depression, anxiety, apathy, lassitude, insomnia, hyperemotivity and similar sym 
toms They are excessively sensitive, impressionable and suggestible. The author feels thet 
is consolation in the fact that the symptoms are not grave and can be relieved rather eas! 
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PyYRAMIDAI 


(June) 1941, 


This scholarly article won a well deserved prize. 


FROM CURRENT 


Diseases of the Brain 


Upper Extremity. O. LANGE, 


LITERATURE 


Rev. Assoc. 


paulista de med. 8:351 


The difficulty in eliciting objective signs 


of defect of the pyramidal tract from the upper extremity is familiar to all neurologists. The 


author has made a painstaking review of those which have been described, illustrates each of 


them and presents an interpretation of them in 


contents of the book. 


Pathologi 


Name 


Palm-chin reflex 
( Marinesco-Radovici) 


Thumb-adductor 
reflex (“Babinski ot 
the hand’) Marie-Foix 


Variations 

Foxe 

Oppenheim 

Schaffer 

Gordon 
Extension-adduction 
reflex (Dagnini) 
“Mendel-Bechterew 
of the hand” 
“Rossolimo of the 


hand” 


Hotfmann-Tromnet 


Sif I 
nite eus scl 
11° 
strumpells sig 

nesis 
Sterlino'’< S121 


Reflercs Resulting from Lesions of 


Stimulus 


Stimulation of 
(ulnar, median) 


hypothenar region 


Superficial stroking of hypothenar 
region (ulnar) 


Pinching hypothenar region 
Rubbing external surface of fore 
arm 

Pinching tendons of palm 
Squeezing muscles of forearm 
Percussion of dorsum oi hand 
(radial) 


Percussion of dorsal aspect of 
pus and metacarpus (radial) 


Car- 


Percussion of palmar aspect of 
metacarpophalangeal joint 
Squeezing or 
middle finger 


Compression egion Of pisi n 
bone unat 
Pressure on tendon pa s 
1 
| 
Active tle 1 ( 
} 
iSSIVe te S101 ( 
t 1s some ontra ll 
Active elevate t 
ctive Hexion of elboy 
1} 
| tension of flexed elb 
s1d DV ¢ immune! igalnst S 


\ctive adduction of sho 
ma side i@ainst resist e 
i 
| 


physiologic terms. 


the Pyramida 


Two tables summarize the 


Tra 


Response 
Contraction of muscles of chin 


and elevation of corner of mouth 


Adduction and flexion of thumb; 
sometimes flexion of adjacent 


digits and extension of little 
finger 

Same response 

slight adduction and extension 
ot wrist 


Flexion of fingers 


Flexion of fingers 


Flexion of 
torennger 


Extension of 


exi1on ) rist te S101 ( 

T ~ 
Res 

1 i 10 1) 
Flexi OS1t10 i t 
tensio bal ibe ct 1 
hingers 
D, ? 
matio ilk if i 
Flexion of elbo ira ¢ 

\dductio ts 

iret 
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Special Senses 


Tue Catatonic Pupit. ALEXANDER Levine and Paut Scuivper, J. Nerv. & Ment. Dis. 96:1 

(July) 1942, 

The catatonic pupil as described by Westphal is usually in middilatation, with a response to 
light varying from prompt contraction to absolute rigidity and changing from moment to 
moment. The size and equality of the pupils also vary. This type of pupil is a not infrequent 
finding in various types of psychiatric patients. 

Certain mechanical procedures may influence the state of the pupil. The Redlich phe- 
nomenon is the production of pupillary rigidity due to strong muscular exertion in epileptic 
patients. In normal persons, as well as in patients with preexisting pupillary anomalies, the 
use of active pressure causes dilatation and diminution of the light reflex. A similar effect can 
be produced by pressure on the iliac point. To study these phenomena, a series of patients 
were selected in whom the pupillary reactions were impaired by the local instillation of various 
eye drops. Redlich phenomenon was present up to the point of complete abolition of the 
pupillary reflex with homatropine or physostigmine. With cocaine it continued to be apparent 
even with the maximum effect of the drug. No pupillary effects were observed with the local 
instillation of a 15 per cent solution of mecholyl chloride or of a 4 per cent solution of 
acetyl holine. 


The pupillary reactions were studied in a group of patients receiving nitrogen inhalation 
erapy for schizophrenia. It was noted that coincident with the occurrence of restless move- 
ments of the extremities, progressive dilatation of the pupils with lessened reaction to light 
appeared. It thus seems that the treatment situation brought about the semblance of a cata- 
tonic pupil. In those patients who exhibited this reaction before treatment, the disturbance was 
more pronounced after treatment. The authors conclude that the anoxemic pupil resembles 
the catatonic pupil slightly, that in patients who have had previous anoxemic therapy the 
treatment situation may provoke pupillary changes similar to those observed in catatonic 


ils, that the pretreatment situation may produce severe changes in patients with latent ten- 


+ 


lencies toward catatonic pupillarv reactions and that the catatonic pupillary changes and the 
effects of anoxemia reenforce each other. 

Five patients who received erythroidine prior to metrazol displayed pupillary variations in 
e pretreatment stage. This drug itself produces such changes, and it is felt that the effect 
is additive. 


The authors believe that the pupillary changes described are due to paralysis or inhibition 


ot the parasympathetic nervous system. The effect of active and passive pressure is to cause 


a concomitant contraction of the abdominal musculature, with increase of the intra-abdominal 
ressure. This stimulates the splanchnic nerves, with resultant inhibition of the parasympathetic 
} r 7 
iDers Cuoporr, Langley Field, Va. 
\ Stupy OF THE HemraANopias. L. Rosen, Confinia neurol. 4:271, 1942. 
| 


<osen has made an analysis of the frequency, etiology and localization of the disease process 

7 cases of hemianopia. Injuries to the vascular system, namely, hemorrhage, thrombosis 

and embolism, were among the most frequent causes of lesions situated central to the chiasm. 

[umors constituted the next most frequent cause, and syphilis came third. On the ether hand, 
I 


tumors were far more numerous in cases of the heteronymous hemianopias localized at the 


ptic chiasm. In the group with vascular conditions by far the larger proportion of the patients 


ere affected after the age of 40. About half the patients with chiasmal lesions were between 


DeJonc, Ann Arbor, Mich 


e ages t 40 al OU vears. 
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Society Transactions 


BOSTON SOCIETY OF PSYCHIATRY AND NEUROLOGY 
H. Houston Merritt, M.D., Presidin 
/ eoular Vectina. Oct. 15. 1 4? 


Chronic Hypertensive Encephalopathy: A Clinicopatholiogic Report. Dkr. Lovis 


GoopMAN, Howard, R. I. 


Chronic hypertensive encephalopathy is a distinct clinical and pathologic entity. It belongs 
to the form of essential hypertension in which cerebral symptoms and pathologic processes may 
take precedence, or predominate, over cardiorenal changes. 

Six cases, with complete autopsy studies, are presented. Patients of both sexes were affected. 
The average span of life after the onset of symptoms was eleven and four-tenths years. One 
patient lived thirty-one years. The average systolic blood pressure was 223 mm. of mercury, 
and the average diastolic pressure was 123 mm. No correlation could be established between 
blood pressure levels and duration of life. The average ages at onset and death were 40 and 
52.6 years respectively. The majority of patients did not become frankly psychotic until the 
late stage of their illness. Many, however, exhibited transient mental symptoms and neurologic 
signs throughout the course of the disease. The development of frank and persistent psychosis 
seemed to be a bad prognostic omen as far as life was concerned. 

Analysis of the comparative degrees of vascular disease and associated parenchymal damage 
disclosed that in the majority of cases both vascular and parenchymatous lesions were more severe 
and extensive in the brain than in any of the other organs of the body. The cerebrovascular 
arterioles were especially affected by a varicty of pathologic changes. These changes included: 
(1) advanced hyaline and fibrocellular arteriolosclerosis; (2) arteriolar and capillary thrombosis, 
with occasional recanalization of the thrombus; (3) intramural and perivascular hemorrhage ; 
(4) perivascular round cell infiltration; (5) extensive fatty degeneration with aneurysmal 
dilatation of arteriolar walls, and, occasionally, (6) patchy hyalinized necrosis of the vascular 
walls. 

Cardiac hypertrophy was not commensurate with the duration and the severity of the hyper- 
tension. In this respect, chronic hypertensive encephalopathy differs from malignant hyper- 
tension and benign nephrosclerosis. This difference may be explained by the fact that the 
patient with the process under discussion experiences hypertensive episodes. The latter provoke 
cerebral manifestations, which bring the patient to the attention of the physician. In the 
intervals between attacks the blood pressare may net be greatly elevated. Consequently, the 
heart is not placed under constant hypertensive strain. “Sis lability of blood pressure may also 
account for the unusual duration of life of many patie: with this disease, who may have a 
history of hypertension for many years. 

Whether the changes in the central nervous systern precede those in the kidneys and 
whether they have any bearing on the pathogenesis of hypertension are questions which are 
raised, but not answered, by the pathologic observations in some cases. The evidence indicates 
that if the kidneys are not primarily involved, irreversible arteriolar changes may develop later 
there and in other organs which may lead to a persistent state of hypertension. 

Examination of the endocrine organs, including the hypophysis, thyroid, adrenals and pancreas, 
failed to reveal any fundamental changes which could be linked causally with the hypertension. 

It is suggested that bilateral renal denervation in the early phases of the disease, when the 
blood pressure is labile, might prevent or delay the persistent hypertensive phase. Such an 
operative procedure would prolong the usefulness of the patient to his family and to the 
community, and sometimes might spare him from ending his days in a mental disease hospital 


DISC SION 


Dr. Ropert S. PALMER: Dr. Goodman's well studied cases illustrate a primary fact I have 
noted in following a large number of patients with hypertension, namely, that in 4 out of 5 
the disease has a long course and that however severe it seems to be, most patients live to be 


at least 50 years of age. This is true of a little over 600 patients I have followed in the clinic 


1 


and in private practice in the past ten years, not all of them for that length of time, but a 


tor a considerable period. The exception lies in 10 per cent of patients who have severe 
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general arterial or arteriolar disease at a very early age. In his thirties such a patient behaves 
like a person in his sixties (with coronary disease, diabetes; cerebral vascular disease, etc.). Some- 
thing like another 10 per cent of old patients with hypertension have a severe disease which 
is called “malignant hypertension,” characterized by a rapidly advancing process with extensive 
arteriolar spasm. These two groups of patients die young. The rest live to be 50 or more 
and die with various manifestations of senile vascular change in the head, heart or kidneys. The 
senile changes, it is assumed, are hastened by intravascular pressure. 

The cerebral manifestations of patients with hypertension at different ages seem to fall into 
categories similar to the manifestations of peripheral vascular disease in the extremities. In 
old age shrinking of the cortex and areas of softening (similar to arteriosclerotic disease of the 
extremities) are present. In the middle years there may be sclerosis and spasm (hypertensive 
crises and/or thromboses). In the forties and below a very different picture is apparent, one of 
vasospastic nature, similar to vascular disease in the extremities of young adults. My associates 
and I have had an opportunity of making extensive observations on a few such persons. For 
instance, a physician’s wife, in her early forties, had a history of severe headaches which had 
been growing in frequency and severity for five or six weeks. Her blood pressure had been 
normal until a year and a half prior to the onset of headache. The hypertension was of 
moderate degree, but three or four weeks previous to her consulting me a syndrome of increased 
intracranial pressure developed, with slowing of the pulse, a disorder of the respiratory rhythm, 
papilledema, exudate and hemorrhages in the fundi. Lumbar puncture at first consistently 
revealed a greatly increased initial pressure. Reduction in the pressure relieved the symptoms 
temporarily. Finally, during a rapidly developing episode of apparent increase in intracranial 
pressure, the spinal fluid pressure not only was not increased but was even lower than normal. 


he pulse was slowed; the patient was semiconscious; the breathing was irregular. The diag- 
nosis of a probable pressure cone was made, and cerebral decompression was done. The 
operator stated that there was an excess of fluid and bulging of the brain substance. In our 


minds there was no doubt that the decompression was a life-saving procedure, and one which 
gave place to definite clinical improvement. This operation was followed by lumbodorsal 
sympathectomy, carried out according to the technic of Smithwick, and the patient was dis- 
charged to return home with a blood pressure within normal limits, although the diastolic 
pressure remained slightly high. We have had 6 or 8 patients with similar conditions, some of 
hom had a decompression and subsequent sympathectomy which we think was life saving. 
Patients who had no operative treatment died. Autopsy revealed no recognizable lesion of 
the brain. We suspect that there may be a compensatory spasm of the cerebral vessels in 
younger patients with malignant hypertension, which results in cerebral ischemia and cerebral 
edema, with consequent increased intracranial pressure. Patients who do not have such a 
degree of increase in the intracranial pressure may have papilledema, which comes and goes 
under observation. The vessels of the fundi are always greatly constricted. [xudate and 
hemorrhages may or may not be present. In a few, about 40 per cent, of patients with, as we 
believe, true malignant hypertension, we seemingly obtained excellent results with sympa- 
thectomy performed before there was cardiac injury or real, irreversible damage to the kidneys. 
In these patients the papilledema entirely disappeared, as did the arteriolar spasm and _ the 
exudate and hemorrhages. Some of these patients we have observed for over three years 
nce operation. 

In my opinion, “hypertensive encephalopathy” refers to the disease in young adults with 
what appears to be spasm of the cerebral vessels, to the condition of young patients with 
extensive, precocious arteriolosclerosis and to the extensive arteriosclerosis of the older patients. 


One wonders what causes the cerebral ischemia and whether as a result of lowering of the 
general blood pressure by sympathectomy, there is relaxation of the retinal vessels, and possibly 
of the cerebral vessels. We believe that in patients with malignant hypertension papilledema 
and cerebral edema may result from a protective reflex vascular spasm in the retina and cortex, 
and that when sympathectomy is successful in lowering the general hypertension this vascular 
spasm is reduced. The physiologic, pulsatile blood flow returns, and the edema, exudate and 
minute hemorrhages are absorbed. This concept is highly theoretic at the moment, but it offers 


an explanation of the extraordinary improvement following reduction of the blood pressure in 
certain cases in which ordinarily one would expect the disease to advance rapidly to a fatal 
conclusion. 

Dr. H. Houston Merritt: This clinical picture has always been a puzzle to me. There 
must be massive cerebral edema. 

Dr. Cuartes S. Kusrk: There does not seem to be any agreement as to what constitutes 
hypertensive encephalopathy. The changes in most of Dr. Goodman's cases were those of 
arteriosclerosis and arteriolosclerosis. Such changes are likely to be noted when hypertension 
has existed for a number of years and are almost sure to be present when there have been 
cerebral symptoms. The small arteries and arterioles within the substance of the brain have 
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thickened, degenerated walls and small lumens, often occluded by concentric narrowing and 
thrombosis. There may be no large infarct, but numerous small foci of infarction and incomplete 
degeneration may be noted. The terminal event may be a large infarct or a massive hemorrhage. 

It is easy to understand why there should have been cerebra! symptoms in the cases described 
by Dr. Goodman, whatever the cause of the arterial and arteriolar disease may have been. 
But in the group of young adults with hypertension, mentioned by Dr. Palmer, the cause of 
the symptoms is not clear. Sometimes there is unconsciousness or stupor, without focal signs 
or increased intracranial pressure; it is thought that uremia can be ruled out. Patients in such 
a state may regain consciousness and live many months. 

What is going on in a condition of this kind? The pathologist cannot say; so the clinician 
is told that it 1s vascular spasm, but many are not satisfied to make such an assumption on the 
basis of negative findings. It is possible that more thorough pathologic examination might 
reveal something, though [ think that clinical studies are more likely to provide leads. 

| was interested in 


yr. Goodman's reference to aneurysm. I have never seen what I should 
be willing to call an aneurysm of an intracerebral artery. 

Dr. Louts GoopMaN, Howard, R. I.: I believe that hypertensive encephalopathy is a form 
of essential hypertension occurring in young or middle-aged persons characterized by cerebral, 
rather than by renal, symptoms and pathologic changes. 

I share the feeling expressed by Dr. Merritt that the term chronic hypertensive encepha 
lopathy is unsatisfactory, but I do not know of any other which adequately describes a condition 
that differs both clinically and anatomically from other types of hypertension. I should like to 
emphasize again the relatively small hearts observed in patients with this disease despite a pri 


longed history of hypertension. In so-called benign nephrosclerosis, in which hypertension may 


be present for a number of years, pronounced cardiac hypertrophy is outstanding. The longevity 
in cases ot chronic hypertensive encephalopathy distinguishes this condition from malignant 


nephrosclerosis 

[ agree with Dr. Palmer as to the role of cerebral vasospasm in the production of cerebral 
lesions and symptoms. One encounters considerable histologic evidence to support the impres 
sion that vasospasm is associated with this disease. Almost always one may observe vessels 
with intramural hemorrhages, associated sometime with thromboses in the region overlying the 
hemorrhage. In a case of myocardial infarction microscopic preparations disclosed only 
partial occlusion of the lumen of one of the coronary arteries by a thrombus superimposed on 
an area of intramural hemorrhage. I believe that repeated attacks of cerebral vasospasm, with 
perivascular softenings and edema, estiblish the basis for the essential pathologic picture that 
develops later and account also for the prolonged clinical course of the disease. 

In this connection, I should like to mention a man, aged 31, with hypertension, who is now 
under observation in the hospital with which I am associated. This patient had a severe 
cerebrovascular insult, which left him with right hemiplegia, aphasia and mental symptoms. 
\ll these manifestations characterisically receded spontaneously and fairly rapidly. Studies 
revealed that when he was under emotional stress his blood pressure showed a striking lability 
of both the systolic and the diastolic pressure. When he was at rest his blood pressure was 
only slightly elevated. This observation has been duplicated in similar cases. We believe that 
this lability is frequent in persons with this form of hypertension and that it may explain 
the slight cardiac hypertrophy and the patient’s survival through many years of hypertension. 

[ have stressed arteriolosclerotic changes ia this disease because they are more important 
than lesions in the larger arteries. One sees advanced cerebral arteriosclerosis in elderly 
patients without corresponding degrees of parenchymal damage. This is not true, however, 
of sclerotic changes in the arterioles of the brain. 

Aneurysm may be demonstrated in benzidine and in sudaa III preparations in cases in 


which severe fatty degeneration of the vascular wall predisposes to dilatation and hemorrhage. 


Control of Clonic Responses of the Cerebral Cortex. Dr. Arturo RosENBLUETH. 


In rhesus monkeys, under anesthesia induced with chloralose (a compound of chloral hydrate 
and dextrose), electrical stimuli of appropriate intensity, frequency and duration elicit self 
sustained responses in any region of the cerebral cortex. These responses may be recorded 
electrically. They exhibit several phases, with decreasing rates of cortical discharge. The 
last phase has a frequency similar to that of the muscular contractions in the clonic state of 
experimental epilepsy; it may, accordingingly, be designated as “cortical clonus.” 

Rosenblueth, Bond and Cannon (4m. J. Physiol. 137:681, 1942) observed that stimuli with 
an adequate slow frequency applied to an appropriate cortical area can control the rate of the 
self-sustained cortical clonus of that region. These stimuli can also prolong the response beyond 
its intrinsic duration. The expression “controlled cortical clonus” is used to designate the 
activity produced by these stimuli. 


Ra 
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The controlling relationships between different cortical areas may be summarized as i lows: 
(a) There are pairs of areas with mutual, two way control; i. e., stimulation of either can control 
the clonic activity of the other. (b) There are pairs of areas which exhibit only one way control. 
It is possible to set 


(c) There are pairs of areas with no mutual controlling relationship. (d 
up second, or higher, order controls, and thereby link areas which are not directly coupled; i, ¢,, 
if area @ controls area 8 and area § controls area Y, and area @ does not control area ¥ directly, 
area @ may control area Y via area 8 if both area 8 and area ¥ are activated simultaneously. 
e) lf electrical stimulation of one area controls the clonic activity of another, the self-sustained 
clonic discharge in the first will also control the discharges in the second. (f) It is possible to 
set up simultaneous, independent, self-sustained responses in areas of the type described in ¢. 

From the results of sections of the gray matter, it is concluded that there are specific, lone, 
subcortical functional pathways that link certain areas with several others. These pathways 
differ from those involved in the spread of self-sustained activity in the cortex. 

The data lead to the following additional inferences. (a) The stimulation of a given area 
that initiates a self-sustained response builds up a prolonged state of enduring excitation in 
some cells of that area; this excitation evokes the clonic bursts during the response. (b) The 
excitation subsides gradually, as indicated by the progressively decreasing frequency of the 
spontaneous bursts. (c) The discharges cease when the excitation drops below a critical level. 
(d) There still remains, however, enough background excitation so that impulses from another 
area may trip further clonic bursts. (e) The end of the driven bursts indicates further wane 
of excitation below a second critical level. (f) Each clonic burst increases the background 
excitation both in the discharge area and in similar elements in other areas. (g) A self-sustained 
response which has spread to many areas will endure throughout as long as one of the active 
regions has enough background excitation for clonic activity and can control the others directly 
or indirectly, but the response will suddenly stop everywhere when excitation drops below the 
critical level in the last controlling area. 

DISCUSSION 

Dr. WittiAmM G. Lennox: This paper impresses me as an important contribution to an 
understanding of how the brain works. Dr. Rosenblueth has given his data, and I have no 
criticism of his conclusions. I wonder whether these observations might be applied to abnormal 
cerebral disturbances in man. For example, might one stimulate the brain in an appropriate 
place and neutralize the abnormal discharge which leads to a seizure? If the rate can be 
altered, perhaps the grand mal seizure could be changed to the petit mal type. Treatment of 
epilepsy with electric shock is being used in various clinics. Patients themselves have found 
that a sensory stimulus may inhibit a focal fit. A patient of Galen’s teacher demonstrated that 
he could abort his jacksonian seizures by squeezing the part where the seizure began. Sensory 
stimulation must be in close proximity to the place from which the motor convulsion is 
originating. But in other types of seizures apparently other types of stimuli will act. Dr. and 
Mrs. Gibbs have often demonstrated that certain seizure discharges of the cortex can be 
modified by cerebral activity. These discharges must have a neurologic explanation, such 
as Dr. Rosenblueth gave in his animal experiments. Has Dr. Rosenblueth made any micro- 
scopic examination of stimulated tissues to see whether the nerve ceils were damaged by the 
repeated stimul1 

Dr. JouN ApAMS Apzott: To a person who has been concerned only wit) clinical electro- 
encephalograph 
factory confirmation of something that one apparently sees in clinical electroencephalographic 


y, one of the most interesting features of this paper is its scientifically satis- 


work but about which one can only conjecture, without scientific tests. I refer to the dis 
turbances of cortical activity which are apparently caused by lesions remote from the part 
the cortex at which the disturbance is observed 

Clinically one sees this most strikingly with unilateral lesions of the temporal lobe. In such 


a condition the stronger disturbance may occur on the side of the lesion, while a minor dis- 
turbance is apparent at a symmetrically opposite point on the other side of the head. It 
supposed that the minor disturbance is a secondary focus due to nerve impulses from. the 
primary focus at the site of the lesion. Dr. Rosenblueth’s work seems to justify this suppo- 
sition. Lemere published a clinical paper which is based on this theory, but in which the 
reported observations are almost too good to be convincing. It is a pleasure to the clinician 


1 


when the physiologist produces such brilliant evidence of processes that for him must be largely 
a matter of conjecture. 

Dr. ArTURO ROSENBLUETH: Good tonic-clonic responses may be obtained from any part 
of the brain. I have had no experience with animals under ether anesthesia. McCulloch tells 
me the same thing is true for dial as for chloralose anesthesia. Monkeys are susceptible to 
anesthetics. The dose of chloralose a monkey requires is much smaller than that a cat or a 
dog requires. Perhaps this is the reason that it is difficult to get the right dose of ether. 
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[ have not made any microscopic examinations, but I have worked for many hours on the 
same animal. The monkeys give the same responses at 11 o'clock at night that they do at 
9 o'clock in the morning. I do not believe any damage is done to the cortex. 

I did not comment on the fact that clonus can also be controlled by stimulation of the sciatic 
nerves. The stimulation will drive the clonic responses in several areas, i. e., areas 1, 4, 7 and 9 
in each hemisphere, into the arm, leg and face divisions of corresponding areas; that does not 
appear to be the counterpart of the clinical observation. Ali I could do by means of electrical 
stimuli was to increase preexisting responses, never to diminish these responses. 


H. Houston Merriir, M.D., Presiding 
Regular Meeting, Nov. 19, 1942 


Psychiatry in War. Dr. Emitio Mira. 


War can be considered as a period of existence in which groups and individuals must 
learn to live under new and difficult conditions, no matter who they are or where they are. 
This new mode of living breaks established habits, affections and beliefs and requires rapid 
adjustment to a new code of social duties and relations. 

In time of peace, even under the more tyrannical regimes, a certain amount of privacy, 
initiative and freedom is permitted to the citizens. In time of war all that is not prohibited 
tends to become obligatory; thus there is a progressive absorption of the individual by the 
war machinery. Consequently, the individual loses all possibility of forecasting or planning 
his future and feels himself plunged into a dangerous, difficult, puzzling present. 

During war psychiatry must take care to avoid as much as possible the evil results of 
such a tremendous change and must profit from its knowledge of the imperfections of the 
human mind in order to prevent failures in the application of human energies, especially of 
the thinking processes of those who carry the heavy responsibilities of planning and con- 
ducting the war strategy. Psychiatrists must not and cannot wait until mental trouble 
becomes apparent and evident, but must prevent it by a close and permanent collaboration 
with psychologists and selecting officers. Tinis will lead not merely to getting “the right man 
in the right place,” but—much more important—to getting “the right task in every place and 
at every moment for every man.” 

The recent Spanish civil war was rich in experience which showed that it is convenient 
for the trained psychiatrist to watch and control the overstrained chiefs and commanders, 
just as the medical expert on aerial medicine takes care of the state of his pilots, thus pre- 
venting errors and accidents. It is much more important to get a rest for an exhausted chief 
of the general staff than to select accurately a hundred soldiers. Military men are too proud 
of their duties to reveal that they are feeling overworked or exhausted. On the other hand, 
the removal of a military chief may have a bad effect on the morale and the organization 
of the sector under his command, unless it can be properly justified by a technical expert. 
Hence, objective tests are badly needed in order to detect, not the interests or the aptitude 
of any given man, but rather his mental fitness at a given moment, i. e., how he will use 
his mental power at that moment. I have been successful in creating certain tests, based 
directly on performance. Of them, I prefer the myokinetic psychodiagnosis test, which is 
able to detect the state of the basic attitudes of reaction of the subject within ten minutes. 
This test can easily be employed in the field and can be recommended to military psychiatrists 
working under emergency, as they almost always do. The technic and results of the myo- 
kinetic psychodiagnosis test will be fully described in the published volume of the Salmon 
Lectures of this year, but it can be outlined, in its simplest form, as consisting of a pencil 
test which permits the evaluation of the amount and direction of involuntary shiftings of the 
subject's hands when trying to perform small oscillatory movements in the fundamental 
directions of space. In right-handed subjects the right side of the body is more expressive 
of the actual state of the cerebral activities than the left side, which iS, in its turn, more 
expressive of the constitutional trends. This is reversed, of course, in left-handed subjects 
Hence, the comparison between the results obtained on the two sides is illuminating in 
detecting the relative amounts of genotypical and paratypical leads which determine a given 
mental abnormality. Careful observations made on previously selected groups of professional 
people of psychotic and psychopathic personalities and of delinquents have confirmed th 


practical value of this new technic, which is now being standardized. 
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With respect to the organization of psychiatric services on the battle front, my experience 
is in favor of the creation of psychiatric clinics in the rear zone of each army (in the ratio 
of one bed per thousand soldiers served) plus a small number of mobile psychiatric emer- 
gency centers, so-called prefrontal centers because they are to be located no more than 15 
or 20 miles (24 or 32 kilometers) behind the firing line. These centers are dependent on 
the corresponding psychiatric clinics but are attached to the campaign hospital, at the clear- 
ing center of the evacuating lines of each military sector. These emergency centers get not 
only the psychiatric casualties of the advanced zone, but those of the intermediate zone (i. e., 
the zone between them and the psychiatric clinic); this gives many subjects the surprise 
of being removed ahead, instead of being evacuated backward, when complaining of psychi- 
atric disturbances. 


CHICAGO NEUROLOGICAL SOCIETY 
ArTHUR M.D., President, in the Chair 
Regular Meeting, Nov. 19, 1942 


Psychoneuroses of War. Dr. Lewis J. Pottock. 


The severe environmental changes to which man is subjected in war, namely, fatigue, 
loss of sleep, hunger, thirst, fear and other emotions and concussion, were not in themselves 
associated with the development of psychoneurosis during the time in which these changes 
occurred. In some instances, after the disappearance of one or more of them, a_psycho- 
neurosis developed. The symptoms of the psychoneuroses, except for the form following 
concussion, were similar irrespective of where the disturbance developed or what the pre- 
ceding environmental change had been. Preoccupation with psychologic mechanisms has led 
to neglect of careful study and recording of physical changes. To understand fully the patho- 
genesis of the psychoneuroses of battle as compared with that of other types, it will be 
necessary to study more carefully the physiologic responses of man to the various severe 
environmental changes. 

DISCUSSION 

Dr. Lioyp A. Z1EGLER: Conditions of war include the quick changes of pressure in blast, 
the heat of the desert or jungle, the cold of high altitudes and long and arduous work under 
dificult conditions, to say nothing of the enemy. Stresses of the battlefield are great, and, 
if they become great enough, nearly every one will break down sooner or later. Persons 
are conditioned differently with respect to stresses; what will break one will not break 
another. Predisposition is a definite factor, as Gillespie pointed out from his experience with 
the bombings in England. 

The chief psychoneuroses are hysteria or substitution disorders that are based on mimicry, 
such as chameleons and butterflies display. Hysteria is really a misnomer, as is neurasthenia. 
Invalidism, or the irritable weakness syndrome, centers around an energy defect in a person 
goaded by ambition. Psychasthenia is also a misnomer. Compulsive-obsessive neurosis is a 
better name for the disorder, which is a repetitive and uncontrolled series of automatic acts 
to relieve obsessive feelings. The anxiety psychoneurosis is one of pathologic self defen- 
siveness, and is the form most likely to appear on the battlefield. The patient has a rapid 
pulse, perspires and is inclined to get panicky. The disorder is often mistaken for toxic 
goiter. Hypochondriacal disorder is a misnomer, too. It implies a location under the cartilages, 
but the distress does appear elsewhere. Persons with such a disorder are nearly psychotic; 
they believe unusual things about their distresses and show other disintegrative features. Post- 
traumatic, or postconcussion, neurosis is apparently a misnomer, too, but this state—perhaps 
chiefly an affective disorder—may occur on the battlefield in the predisposed. 

Whether a patient is psychoneurotic or psychotic is merely an academic question. Psycho- 
neurotic persons may become psychotic and may have as well any disease that others have. 
The internist and the surgeon arrive at a diagnosis of psychoneurosis often through the 
absence of physical disease. The psychiatrist has a definite syndrome in mind, which repre- 
sents a disorder of human nature already briefly sketched. 

Dr. Pollock has, wisely in these times, stressed the types of psychoneurosis most likely 
to appear in battle. 

Dr. Lewis J. Pottock: I am much interested in the correlation of stresses and effect; 
L do not think one can evaluate the degree of stress by what one observes. It is striking, 
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for example, to note the disappearance in England of even the expected cases of neurosis 
among the civilian population because of the responsibilities imposed by bombing. I think 
most here heard Dr. Gillespie discuss this phase. 


Etiologic Factors in the Adjustment of Men in the Armed Forces. Mayor D. 
Louis STEINBERG, Medical Corps, Army of the United States, and Dr. MARy PHYLLIS 
WitTtMAN, Elgin, 


The paper presents the results of a differential study of the sociologic, developmental, 
personality and adjustment characteristics of (1) 158 men attached to the medical corps unit 
at Chanute Field, Rantoul, Ill.; (2) 22 patients in the psychiatric unit at Chanute Field, 
and (3) 87 patients in the veterans’ unit at Elgin State Hospital, discharged from the army 
within the past eighteen months as mentally il. 

The results of the study apparently corroborate points previously described 1m the litera- 
ture. Certain facts are established. 

1. The results reported are those of a controlled experimental project. Thus, the prog- 
nostic significance of certain factors with respect to selectee adjustment in the armed forces 
is substantiated. 


2. Certain standardized and objective psychologic technics for investigation of various 


personality factors are of both diagnostic and prognostic significance in evaluation of the 
etiologic factors associated with a prospective soldier's adjustment to military life. 

Thus study, and the analysis of results, suggest certain points pertinent to present selec- 
tion at induction and classification centers, as well as to possibilities for future research. 

Psychologic technics (in addition to measures of intelligence) would be of value as part 
of the psychologist’s armamentarium at induction centers in weeding out selectees in need of 
intensive psychiatric study, in order to determine their fitness for army service. Persons 
representing extremes of behavior maladjustment would be screened out. 

We suggest the need of a rating scale by which the patient may be referred to the neuro- 
psychiatric unit. Knowledge of the patient's reaction to the camp situation, to his fellow 
soldiers and officers and to the discipline of camp life and enforced contact with many other 
men would be an invaluable aid to psychiatric study prior to the patient’s induction into the 
hospital. Some idea of how and with whom the patient spent his leisure time in camp and 
how he was treated by his fellows, together with a description of the onset of his difficulties 
and the behavior that led to his referral to the neuropsychiatric uhit, is important for the 
proper understanding, treatment and ultimate disposal of the patient. In addition to valuable 
insight into the dynamic mechanisms in the individual case, which it is at present difficult 
or impossible to obtain, this rating scale could be used in follow-up studies, as outlined in 
the paper. 


DISCUSSION 


Dr. Puytiis WittMan, Elgin, Ill.: We regret that for the purpose of oral presenta- 
tion we had to omit from our paper the orientation (discussion of previous studies in this 
field), as well as the detailed analysis of our results. We considered our observations par- 
ticularly significant because the study was controlled; that is, we are able to say definitely 
that certain traits and developmental characteristics are associated with the selectee who 
is unable to make a satisfactory adjustment at camp, for these traits significantly differen- 
tiate the maladjusted from the well adjusted control group. 

We hope to continue our project by studying a group of guardhouse prisoners, to find 
whether the psychopathic personality, as well as the psychoneurotic selectee, can be differ- 
entiated from the well adjusting controls. 

Dr. W. S. McCuttocn: Conditions in barracks are like peace conditions. Fighting 
is another story. My recollection of the last war may be illustrated by 2 instances. A man 
who came back from France with probably the greatest number of medals suffered frora the 
most severe form of hysteria that I have ever seen. Again, an officer who was beloved in 
the Navy, and was known as “the old lady’ was about as neurotic a person as one could 
find, but he has subsequently distinguished himself. [I have often wondered whether in 
segregating persons with neuroses one may not be eliminating many men who might be 
good material under conditions of hazard. 

Major D. Louis STEINBERG: Of course there are certain persons who succeed in spite 
of the apparent predominance of personality characteristics that, on the surface, augur for 
poor adjustment, but it is possible that closer studies of these persons would show other 
characteristics which counterbalance their undesirable traits and explain their apparent. suc- 
cess. Our point is that certain persons are not able to adjust in camp life: it would be of 
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benefit both to the government and to society if a method could be devised for detecting 
and siiting out these men before they are inducted into service. Even though occasionally 
one might remove one or two men who might have made good, I believe the error would 
still be in the other direction and that all those unfit for military service would still not be 
discovered immediately ; however, by the use of such inventory scales as we have presented, 
a major number of misfits would, I think, be caught prior to their induction into the 
service. 


An Unusual Complication of the Intraspinal Use of Iodized Poppyseed Oil. Dr. 
C. Bucy and Dr. Irvinc J. SPEIGEL, 


A man aged 36 suffered from spondylolisthesis, for which fusion of the lumbosacral por- 
tion of the spine had been effected in April 1937. In March 1938, because of the develop- 
ment of sciatica on the left side, iodized poppyseed oil was injected intraspinally. Fluoroscopic 
examination revealed that some of the oil had lodged at the level of the eighth thoracic 
vertebra and had remained there. Late in 1941 there developed progressive symptoms of 
involvement of the spinal cord at that level. Lumbar puncture in February 1942 showed 
almost complete spinal block. At operation, on March 10, 1942, two collections of encysted 
iodized poppyseed oil in the subarachnoid space and a greatly thickened arachnoid membrane 
were observed and removed. Within a few weeks the patient made a nearly complete 
recovery. 

From a study of the case the following conclusions were reached: 1. The patient suf- 
fered from localized adhesive arachnoiditis at the level of the eighth thoracic vertebra prior 
to injection of the iodized poppyseed oil. 2. This arachnoiditis caught and held some of the 
oil, which, in turn, stimulated fibroblastic proliferation in the leptomeninx, thus increasing 
the arachnoiditis and resulting in dysfuncton of the spinal cord. 3. Although the intraspinal 
injection of iodized poppyseed oil is ordinarily an innocuous procedure, the existence of a 
lesion which retains the oil in contact with the spnal cord may ultmately result in undesir- 
able changes in the cord. 


DISCUSSION 


Dr. A. Eart Waker: ‘This paper raises the interesting question of the late complica- 
tions of intrathecal injection of iodized poppyseed oil. It is true that serious results have 
been reported, but these effects have occurred within a few days of injection. It has been 
stressed that the reactiom is more severe in the presence of arachnoiditis. In the ordinary 
case iodized poppyseed oil gives rise to little reaction. In the present case one wonders 
what role the previous lesion played in the appearance of symptoms from two to two and 
a half years after the injection of the iodized poppyseed oil. That seems rather a long time 
for arachnoiditis, if due to the presence of the iodized oil, to make its appearance. The 
ordinary reaction to iodized poppyseed oil usually occurs within a few months. 


Dr. PercivaAL BatLtey: I am not convinced that the iodized poppyseed oil had anything 
essential to do with the symptoms. Certainly, the rapidity of recovery after operation could 
not be considered as evidence. I have seen just as rapid subsidence of symptoms when 


iodized oil had not been injected. The arachnoiditis recurred within a few months, and I 
should be interested in knowing whether it recurred in this case. 

Dr. Irvinc J. SpeiceL: At present the patient is almost completely recovered. We 
appreciate the possibility of a recurrence of his previous symptoms, and with that in view 
we are watching his progress carefully. 


MICHIGAN SOCIETY OF NEUROLOGY AND PSYCHIATRY 
M. M.D., President, in the Chair 
Regular Meeting, Nov. 12, 1942 


Bilateral Ageusia Associated with Unilateral Bell’s Palsy. Dr. ©. Grarn, 

Detroit. 

For several years, in examining patients with facial palsy of peripheral type, I have 
observed that the sense of taste was impaired not only on the affected side, but on the sup- 
posedly good side. This observation has been made so frequently that it has become to me 
a matter for surprise to find normal gustatory sense on the contralateral side in any case in 
which ageusia accompanies paralysis of the face. 
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Exclusive of cases of facial paralysis of obvious intracranial and extracranial origin, 157 
cases could be presumed to be instances of facial neuritis, or Bell's palsy. In only 77 of 
this number was there a record of examination of the sense of taste, and in only 40 cases 
was there indication that the sense of taste had been adequately tested for both sides of the 
tongue. In 36 of the 40 cases taste was impaired and in 4 it was not impaired. In 6 of 
the 36 cases there was unilateral impairment of taste on the same side as the palsy and in 
30 of the cases impairment of taste was bilateral. The degree of ageusia, either homolateral 
or contralateral, showed no relation to age. The contralateral ageusia was of less intensity 
than the homolateral ageusia in 25 cases, of equal intensity in 5 cases and of greater intensity 
in no case. The contralateral ageusia was of lesser intensity than the palsy in 23 cases, of 
equal intensity in 4 cases and of greater intensity in 3 cases. In no case was unilateral ageusia 
present on the side opposite the palsy. The degree of contralateral ageusia was graded as 
slight in 11 cases, moderate in 9 cases, pronounced in 8 cases and severe in 2 cases. In 1 
case there was evidence of initial transitory palsy on the opposite side. 

To explain this observation on an anatotnic basis, a dissection was made of the tongue 
in an attempt to detect the presence of overlapping terminal fibers from the two sides. Such 
overlapping could not be demonstrated grossly. In a clinical case in which one lingual nerve 
had been rendered anesthetic by nerve block for tooth extraction, both anesthesia and ageusia 
were found to end sharply in the midline of the anterior two thirds of the tongue. The 
existence of a variety of alternative pathways for the afferent fibers for taste suggested in 
the past is now believed to be a misconception, and all taste fibers from the anterior two 


thirds of the tongue are now assigned to the chorda tympani and the nervus intermedius of 
the seventh cranial nerve. In the brain stem there appears to be no other secondary gustatory 
tract than that crossing whoily to the opposite side from the nucleus of the fasciculus soli- 
tarius and ascending to the thalamus, and thence to the cortex at the base of the posterior 
central gyrus. Thus, no explanation for bilateral gustatory impairment on the basis of an 
exchange of afferent pathways between the two sides can be derived from anatomic consid- 
erations. This forces one to the conclusion that cases of this condition represent bilateral 
facial neuritis, manifested on the side of lesser involvement by a gustatory lesion only. 


Prognostic Possibilities of the Rorschach Method in Metrazol Therapy. Mr. Woop- 
Row W. Morris, Pontiac, Mich. 


The present study is an attempt to determine whether the Rorschach method reveals any 
signs or patterns which are predictive of success in treatment with metrazol of a more or 
less general cross section of psychotic conditions. After the completion of treatment, the 
patient’s clinical course in the hospital or at home was carefully followed. The final judg- 
ment as to the success or failure of the treatment was based on the patient’s overt condition, 
rather than on the opinion of the staff physicians, as it was felt that such a basis of judg- 
ment was more reliable. Forty-one patients were included in this study—15 men, with a 
median age of 28 years, and 26 women, with a median age of 37 years. The duration of 
illness ranged from less than six months to more than twelve years, with a median duration 
three and nine-tenths years. Of the total number of patients, 44 per cent were improved, 
and 56 per cent were unimproved. The highest rate of improvement was noted in the manic- 
depressive patients. 

Cursory examination of the data received from the several Rorschach factors for the 
patients of the two groups, namely, those who improved and tiiose who did not improve, 
eliminated a number as prognostically insignificant; others proved to be significant in varying 
degrees. In general it was found that the patients who benefit from treatment are those 
who are more intact and who are living on a higher intellectual, social and cultural plane 
than those who do not improve. Each of the more significant factors was then studied 
further in an effort to determine a critical figure for each that might more specifically 
differentiate the two groups of patients. These signs were weighted in the order of their 
significance in differentiating the groups, as follows: Less than 15 per cent of “anatomic” 
responses and less than 17 per cent of “O” responses were weighted as 3 points each, since 
they were statistically most significant. Less than 2 per cent of “color form’ responses and 
more than 1 per cent of “space” responses were weighted as 2 points each, while more than 
13 per cent of “normal detail” responses and more than 70 per cent of “good perception” 
responses received a weighting of 1 point each. It was found by the chi-square test that the 
application of these six signs weighted as described differentiated the two groups to a 
significant degree and that a total of weighted points equal to or greater than 7 suggested 
1 good prognosis. Selection of patients for therapy on purely clinical grounds yielded an 
improvement rate of 44 per cent, with a concomitant loss of 56 per cent. By application cf 
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the six prognostic signs, the improvement rate was raised to 64 per cent, an increment of 
20 per cent over that obtained by clinical selection. 


Diagnosis and Surgical Pathology of Certain Types of Sciatic Neuritis. Dr. Arserr 

S. CrAwForp, Detroit. 

Neurosurgeons have in the last few years brought about a new surgical approach to the 
problem of relief of pain in certain of the noninflammatory types of sciatic neuritis. At first 
the chief interest was focused on the intervetebral disk, and later, on the ligamentum flavum. 
A number of large series of cases have been reported from prominent medical centers which 
establish lesions ot these structures as real surgical entities. In such cases a history of 
trauma is common, and persistent or recurring sciatic pain, with absence of the ankle jerk, 
is constant. At first iodized poppyseed oil was used as a diagnostic and localizing means. 
Later injection of air became more popular, and more lately pantopaque is promising to 
become an even better means of localization because, while it is as opaque as iodized poppy- 
seed oil, it is more easily removable, if necessary. (Pantopaque is a new radiopaque oil that is 
thinner and less viscous than the older iodized oils. It has been developed at the University of 
Rochester and is still in the experimental stage and not yet on the market.) 

The surgical approach has been by simple laminectomy. At first the procedure was 
more radical. Gradually it was found that localized rupture of the intervertebral disk could 
be exposed and the disk satisfactorily removed by means of a hemilaminectomy, and in some 
cases with practically no removal of bone. The end results have proved to be excellent. 

My experience has been in accord with that of others, but I have found that there is 
anoiier group of patients with chronic recurrent involvement of the sciatic nerve in which the 
pai: is due not to ruptured intervertebral disk but to pressure on the nerve in the inter- 
vertebral foramen by a combination of one, two or more of the adjacent structures in the 
foramen, such as the ligamentum flavum, an overhanging facet, a prominent or thickened, 
but not ruptured, intervertebral disk or chronically thickened tissue, including enlarged veins, 
accompanying the nerve in the foramen. To these cases can be added some in which the 
pain is due to pressure on the nerve from the lesions of hypertrophic arthritis or adhesions 
to nerves resulting from former injections of alcoho! or previous inflammatory processes. 

In this entire group, 70 per cent of over 80 cases, the history of trauma was less definite, 
but the pain was chronic, recurrent and resistant to conservative orthopedic management and 
was sufficient to incapacitate the patient. The clinical and localizing signs and symptoms 
were often as definite as those with ruptured intervertebral disk. They were at times 
bilateral and involved most frequently the fourth or fifth lumbar nerve. 

In many of these cases the more limited exposure did not reveal the entire cause, and 
only when the nerve was followed outward through the foramen was the cause of the trouble 
apparent. Sometimes this dissection necessitated partial removal of one or two facets, at 
times with a chisel. In most cases the trouble seemed to be a combination of one,«wo or 
even three of the aforementioned factors. If the lesion was known to be bilateral, an excel- 
lent exposure was obtained in some cases (10 in all) by removal of bone with a chisel and 
by sharp dissection of one entire dorsal arch, with the attached facets. After the nerves 
were adequately decompressed, the removed dorsal arch was fastened in its proper place 
with stainless steel wire. In such cases the patient has done well afterward, convalescence 
has been shorter than when bone grafts were done, and complaints of weak back have not 
been encountered. 

From this experience I have concluded that there is an increasingly large group of cases 
of chronic, intractable, incapacitating sciatic pain in which operation should be carried out. 
The cause of the pain may not be a ruptured intervertebral disk, but if the exploration is 
extensive enough, the compressing or impinging tissue will be seen. If this has been adequately 
removed, there has been relief of pain in 90 to 95 per cent of cases. I offer a method of 
limited bilateral decompression, with replacement of the dorsal arch to eliminate the possibility of 
a subsequent weak back. 


Joun M. Dorsty, M.D., Prestdent, in the Chair 
Regular Meeting, Jan. 14, 1943 


Psychiatric Study of a Man with a Convulsive Disorder. Dr. Leo H. Bartemeier, 
Detroit. 
A psychiatric study was made of a patient who presented the characteristic manifestations 
of idiopathic epilepsy. Various examinations for organic disease of the central nervous system 
revealed nothing significant. An understanding of the preconvulsive period and its relationship 
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to the later convulsive disorder is important. The study revealed that the whole early mental 
development of the patient had been influenced by the mother’s overprotective attitude, which 
had seriously interfered with the natural development of the patient’s aggressiveness. The 
aggressiveness was later forced into a pathologic mode of discharge represented by the attacks. 
The convulsive disorder was precipitated by two traumatic surgical experiences. The relation 
between the patient’s anxiety and his seizures was demonstrated by several episodes which 
occurred during the course of the treatment. Although the patient had to continue medication 
with phenobarbital, his improvement was greatly enhanced by the psychotherapy. 


DISCUSSION 


Dr. Harry E. AuGust, Detroit: Among the forms of epilepsy usually classified as idio- 
pathic is a condition which may be termed psychic epilepsy. Many types of emotional dis- 
turbance may express themselves through the symptoms of epilepsy. One type frequently 
encountered under such circumstances is that of sadomasochism, in which the seizure represents 
a massive discharge of sadistic energy which is turned back on the patient. Dr. Bartemeier’s 
case appears to fall into this classification, and a number of details haye been dealt with 
speculatively from this point of view. 

Dr. RICHARD STERBA, Detroit: An important point expressed in Dr. Bartemeier’s paper 
is that of etiologic combination, or the collaboration of hereditary and accidental factors. 
Dr. Bartemeier recently published a paper (Bull. Menninger Clin. 6:190 [Nov.] 1942) in 
which he presented Freud’s contribution to mental heredity. Hereditary and accidental factors 
supplement each other in producing the final etiologic effect. Freud created the concept of 
complementary series in order to read a better understanding into psychopathologic etiology. 
If the hereditary factors are slight, strong and impressive postnatal experiences are necessary 
to produce the psychopathologic result, and vice versa, strong heredity will require only slight 
outside factors to produce the pathologic manifestations. The validity of the concept is proved 
by the therapy. If the influence of the accidental factors is removed by psychotherapy, the 
hereditary factors recede, as it were, into latency. 

In his present paper Dr. Bartemeier made a practical application of what he made theoreti- 
cally so clear in his former paper. It is of extreme practical importance tc investigate the 
possibility of ‘accidental factors in the causation of epilepsy and to try to undo them, so that 
inner conflicts and tension are dissolved. If it is proved by more cases like Dr. Bartemeier’s 
that the removal of accidental psychogente factors in cases of epilepsy leads to relief and 
notable improvement, perhaps even to complete cessation of the seizures, the discovery not 
only would be of theoretic interest in the sense that the complementary series of outside and 
hereditary etiologic factors is valid in the case of epilepsy, but would be of tremendous practical 
benefit to persons stricken by this terrible disease. 


Frequency of Convulsive Disorders in the Feebleminded: Clinical and Patho- 
anatomic Considerations. Dk. R. W. Wacconer, Ann Arbor, Mich., and Dr. J. G. 
Sueps, New York. 


he most important problem in the care 


of such patients. In 10 per cent it is the cause of death. This paper is a report on the 


Convulsive disorders in the feebleminded present t 


incidence of convulsive disorders in feebleminded patients and the relationship between the con- 
vulsions and mental retardation. A series of 254 patients were studied pathoanatomically. Ot 
these, 105 or 41.3 per cent, had convulsions. These all showed either residuals of an encephalitic 
process or malformations of the brain. There was no apparent correlation between the incidence 
of convulsions ard either the degree of feeblemindedness or the type of pathologic change in 
the brain 

DISCUSSION 


Dr. Cari D. Camp, Ann Arbor, Mich.: From a statistical viewpoint it is important t 
know the source of the material studied. Institutionalized epileptic patients show a high pro- 
portion of teeblemindedness, but for private patients the figures would be quite different. 
Contrary to public opinion, it is clear that epilepsy is not necessarily associated with feeble- 
mindedness. 

Dr. R. A. Morter, Kalamazoo, Mich.: I have always been interested in the architecture 
of the brain of the feebleminded. I have often wondered how the structure of the brain of 
the feebleminded person differs from that of the normally intelligent person, and whether the 
abnormal structural deviation of the brain of the feebleminded becomes greater with the lower 
levels of intelligence 


By : 


Book Reviews 


The Rorschach Technique: A Manual for a Projective Method of Personality Diag- 
nosis. By B. Klopfer and D. Kelley. Price, $3.60. Pp. 405, with index. Yonkers, N. Y.: 
The World Book Company, 1942. 

The Rorschach method of personality analysis is still a mystery to most neurologists and 
psychiatrists. It cannot be said that the present volume makes the matter simple, but the 
book does provide a great store of information about the test, which is far easier of access 
than that in Rorschach’s original book or any others at present available. This history of the 
test is interestingly described; then precise directions are given for administering it. The method 
of scoring now recognized by the Rorschach Exchange is presented. Finally, the practical use 
of the test in clinical psychiatry and neurology is described. There is an exhaustive bibliography. 

The test is useful in the differential diagnosis of various psychoses and neuroses. In 
addition, definite patterns of response are seen with certain types of structural disease of the 
brain. The specificity of the pattern in epilepsy is open to question. 

It would be difficult, but not impossible, to lea.n to give and to interpret the Rorschach test 
from this book alone. The manual will, however, be of great value to all those who are 
working with the procedure, or who are attempting to utilize its results. 


Roentgen Treatment of Diseases of the Nervous System. By C. Dyke and L. Davidoff. 
Price $3.25. Pp. 198, with illustrations. Philadelphia: Lea and Febiger, 1942. 

Additions to the means of treatment of disorders of the nervous system are always welcome. 
Roentgen ray therapy has been successfully applied to a surprising variety of neurologic diseases 
—chiefly to tumors, of course, but also to syringomyelia, herpes zoster and other conditions. 
The present book is a concise, scholarly review of the entire literature, with adequate ‘historical 
material. Conclusions are drawn chiefly from the authors’ own material, however. This has 
been extensive, well studied and critically reviewed. 

The authors warmly recommend a prolonged trial of roentgen ray treatment in cases of 
chromophobe adenoma of the pituitary before operation is considered, except when vision is 
seriously threatened. They report good success, also, in cases of astrocytoma, oligodendroglioma 
and glioblastoma, conditions which are not usually regarded as favorable for treatment. They 
are somewhat skeptical of the value of the therapy for syringomyelia. The technic of treatment 
is carefully described. 

This book belongs in the library of every neurologist. 


Dark Legend: A Study in Murder. !} 


3y Frederic Wertham, M. D. Price, $2.75. Pp. 270 
with 1 illustration. New York; Duell, 


Storm and Pearce, 1941. 

This volume constitutes a serious attempt to study the psychologic implications in the murder 
of his mother by a boy of 17. It is a serious document, with good description and clear phrasing. 
It should serve as a contribution to the literature of criminal psychology and should be read 
by all interested in this field. As a study of the type of character which murders it is worthy of 
its author, and it can be highly recommended both as literature and as psychology. 


Psychology You Can Use. By William H. Roberts. Price $2. Pp. 246. New York: 
Harcourt Brace and Company, 1943. 

This book should prove both entertaining and instructive to any one who has not had an 
introductory course in psychology and wants to know with what the science deals. It is a small 
volume which explains psychology in simple and readable form. The opening chapters are 
concerned with the physiologic approach to the understanding of human behavior and cover 
such topics as taste, smell, hearing and seeing. After this, the more truly psychologic fields 
are reviewed, and attention, learning, instincts, intelligence, emotions and other topics come up 
for review. In addition to the general exposition, each chapter carries suggestions for simple 
home experiments which the reader can try out by himself. 

In his selection of material Professor Roberts has unerringly picked the essentials, and his 
presentation should prove satisfactory to all psychologists regardless of their orientation. There 
is one erroneous diagram used in the discussion of the Miller-Lyer illusion; aside from this the 
book is factually correct. 

An additional merit of this book is the fact that, while the reader learns considerable from 
his study of this work, it does not pretend to give him anything which might make him feel he 
knew en ugh to give psychologic advice to others. The book is recommended for basic under- 
graduate orientation in the field. 
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report of family exhibiting hereditary mirror 
movements and schizophrenia, 913 
results of insulin and epinephrine tolerance 
tests in schizophrenic patients and in nor- 
mal subjects, *195 
schizophrenic language, 
sibling deaths in anamneses of schizophrenic 


associated with 
report of case, 


dementia 
of protein 


praecox 
content 


patients with in- 
of spinal fluid, 


schizophrenic symp- 


with progressive muscu- 


patients, *71 

study of frontal lobotomy: neurosurgical and 
psychiatric features and _ results in 22 
cases with detailed report on 5 chronic 
schizophrenics, 290 

symposium; complications of and contraindi- 


cations to electric shock therapy, 786 
treatment of schizophrenia; follow-up results 


in cases of insulin shock therapy and in 
control cases, *266 
use of adrenal cortex extract in cases of in- 
sulin shock complicated by pulmonary 
edema; review of literature and report of 
case, 304 
Denker, P. G.: Aberrant thyroid tumor of 


vertebrae with compression of spinal cord; 


recovery after operation and high voltage 
roentgen therapy, *277 


Early laminectomy for injury of spinal cord, 


Depersonalization: See Personality 


Depression: See also Insanity; Mental Dis- 
eases; Neuroses and Psychoneuroses 
successful treatment of case of acute hys 


terical depression by return under hypnosis 
to critical phase of childhood, 607 
Dextrose See also Blood sugar 
effect of hypertonic glucose solutions 
flow of normal saline solution 
arachnoid space of dog, 467 
oral and intravenous dextrose tolerance curves 
of patients with manic-depressive psychosis 
Diabetes Insipidus, 
Diamond, B. L.: 
test, 478 
Diencephalon : 
Diethelm, O 


in- 
sub- 


on 
into 


inheritance of, 609 


Clinical evaluation of mosate 
See Brain 
Psychopathologic review of senile 


and arteriosclerotic disorders, 299 
Dilantin: See Dementia Praecox; Mental Dis- 
eases; etc. 
Diplegia: See Paralysis 
Dipsomania: See Alcoholism 
Disk, Choked: See Neuritis, optic 
Intervertebral: See under Spine 
Dl Alpha Tocopherol: See Vitamins, E 
Drugs, Addiction: See also under names of 
drugs, as Morphine; Paraldehyde; etc 
addiction; drugs and mental disease, 293 
Dyer, C. G Results of insulin and epinephrine 
tolerance tests in schizophrenic patients 
and in normal subjects, *195 
Dyes See also Stains and Staining: etc. 
paraphenylenediamine poisoning (ursol) with 
changes in central nervous system, *254 
Dysacousia See Deafness 
Dystrophy, Muscular: See also Atrophy, mus 


cular 
muscular: muscle changes in 
dystrophia myotonica, 474 
muscular; psychosis associated with 
sive muscular dystrophy, 307 
muscular; some new applications ¢ 
vitamin E therapy, 472 
muscular; studies in diseases of muscle; 
heredity of progressive muscular dystrophy ; 
relationship between age at onset of symp- 
t and clinical *641 


myopathies and 


progres- 


f synthetic 


oms 


course, 
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Dystrophy— Continued 
muscular; studies in diseases of muscle; pro 


gressive 


tal type 


muscular dystrophy of 
report on family; 


itrophic dis 
report of 


tutopsy, *655 
muscular; use of alpha tocopherol in treat 
ment of neuromuscular disorders, 611 


Ear: See also Deafness 
internal vestibular functions in Guillain 
Barre syndrome, 470 
Eaton, L. M Mvasthenia gravis: treatment 
and relation to thymus, 476 
Ebaug! F. G Fatalities following electric 
convulsive therapy; report of 2 cases with 


*107 


Electroencephalogram in epi 


autopsy 
Echlin, F. A 


lepsy, 296 
Eclampsia, cerebral dysrhythmia in relation to 
*204 
Edema See under names of organs and re 
gions, as Brain; Lungs; ete. 
Electroencephalogram: See Brain, electroen 
cephalography 
Klectromyogram : See under Muscles 
Electrophoresis See Cerebrospinal Fluid 
Electrotherapy: See also under Dementia Prae 
cox: Mental Diseases; etc 
atypical seizures elicited by electrical stimu 
lation of cerebrum in cat, *244 
comparison of metrazol convulsive’ therapy 
with electric shock in treatment of schizo 


phrenia: evaluation of 
treatment of 
electric 


results obtained in 
100 schizophrenic patients with 


shock, *587 


effect of electrical stimulation on atrophy of 
denervated skeletal muscle, *802 
electrical skin resistance technic used to may 


areas of 
and by 
*454 
experimental studies on 
ment intracerebral 
indicator 


skin affected by 
other surgical or 


sympathectomy 
functional factors, 


electric shock treat 
vascular reaction as 
of path of current, 617 
fatalities following electric convulsive’ ther 
apy; report of 2 with autopsy, *107 
interaction of electric shock and insulin hypo 
glycemia; experimental investigations, *S808 
pathologic changes in brains of given 
repeated electrical shocks, 602 
subconvulsive electric shock therapy: 
of varied electrode applications, 302 
symposium: complications of and contraindi- 
cations to electric shock therapy, 786 
Embolism: See also Thrombosis 
formation of demyelinated plaques associated 
with cerebral fat embolism in man, *754 


Cases 


dogs 


effect 


Emotions, blood pressure and pulse changes in 
normal individuals under emotional stress; 
their relationship to emotional instability, 
915 


emotional settings of 
caria, 914 
Encephalitis: See also Encephalomyelitis 
associated with herpes zoster; report of case, 
633 


some attacks of urtl- 


hemorrhagic; cerebral lesions following ad- 
ministration of neoarsphenamine, 603 
toxoplasmic ; clinical experience, 315 
Encephalocele: See Brain, hernia 
Encephalomalacia: See Brain, pathology 
Encephalomyelitis, equine, sequels of, *398 
scarlatinal, 619 
Encephalopathy: See Brain, diseases 


Endocrine Therapy: See under names of glands 
and hormones, as Adrenal Preparations; 
Insulin 

English, O. S.: Ideation and trends encoun- 
tered in psychotherapy of manic-depressive 
psychosis, 

Environment, effect of extremes of 
tal change on man; 
*421 


environmen- 

president’s address, 
psychoneuroses of war, 924 

Eonism: See Sex, perversion 

Epidermoid: See under Cranium 
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Epilepsy: See also Convulsions 

cerebral dysrhythmia in relation to eclampsia, 
*204 

constitutional differences between deteriorated 
and nondeteriorated patients with epilepsy 
capillaries of finger nail fold, *49 

control of clonic responses of cerebral cor- 
tex, 921 


deterioration of patients with organic epi- 
lepsy, 605 
electroencephalogram in, 296 


electroencephalogram in “convulsive state,” 
600 

electroencephalographic foci associated wit! 
*793 

frequency of convulsive disorders in feeble 
minded; clinical and pathoanatomie con 


siderations, 929 
modified Rorschach 
transitory 
290 
myoclonus epilepsy ; 
of case, 627 
potentials of rapid frequency in 
troencephalogram, 308 
pseudojacksonian, in children, *223 
psychiatric study of man with convulsive dis- 


technic 
postconvulsive 


for description of 
personality states 
clinicopathologic report 


human elec 


order, 928 
reports of partial frontal lobectomy and fron- 
tal lobotomy performed on 3 patients, 473 


studies on corpus callosum; relationship of 


grasp reflex to section of corpus callosum 
Epinephrine See Adrenal Preparations 
Equilibrium: See Cerebellum; Ear, internal 
Posture; ete. 


Tartrate: See Headache 
Eros, G Histogenesis of cerebral 
sclerosis, 622 
Explosions, effect of 


Ergotamine 
arterio 


extremes of environmental 


change orn man; president’s address, *421 
psychiatric syndromes following blast, 292 
Extrapyramidal Tract: See also Lenticular 


Nucleus 

pyramidal and extrapyramidal 
cortical control of 

Extremities: See also 

Paralysis: See also Poliomyelitis 

paralysis; cure of paralysis in rats with bio 
tin concentrates and crystalline biotin, 285 

preganglionic components of first thoracic 
nerve; their role in sym. athetic innervation 
of upper extremity, 126 

sympathetic denervation of feet 
curring spontaneously or as 


mechanisms in 
movement, 782 
Arms 


and leg oc- 
result of dis 


ease, 126 
Extroversion: See under Personality 
Eyes: See also Orbit: Vision; and under 


special structures of eyes 
changes in amaurotie family idiocy (infantile 
type of Tay-Sachs disease) ; histepathologic 
observations in case, 629 
muscles; functional representation in 
motor and trochlear nuclei, *98 
paralysis; frequency, etiology and 


oculo- 


prognosis 


of eye muscle palsies, 295 
Face, experiences with intramedullary tract- 
otomy; immediate and late neurologic com 


plications, *665 
Paralysis: See Paralysis, facial 
Fantopsias: See Hallucinations 
Faradic Shock: See Mental Diseases 
Fat: See Lipoids 


Fatigue, behavior of motor units in healthy and 


in paretic muscles in man, 129 
effect of extremes of environmental change 
on man; president’s address, *421 


Feeblemindedness : 
frequency of 


See also Idiocy 


convulsive disorders in feeble- 


minded; clinical and pathoanatomic con- 
siderations, 929 

Ferraro, A.: His‘ogenesis of cerebral arterio- 
sclerosis, 622 


Myoclonus epilepsy ; 
of case, 627 
Fetus, early human fetal movements, 600 


clinicopathologie report 
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see Malaria; et 
Neurosyphilis 
hyperthermia and its treatment 
monkey, *518 


also 
See 


Fever 
Artificial 
neurogenic 

with soluble pentobarbital in 


Therapeutic: See under Dementia Paralytica 
Neurosyphilis ; Syphilis; ete. 
Fibrosarcoma of arachnoidal origin with meta 


stases, 2X8 
Filum Terminak See Spinal 
Finger Nail See Nails 
Finley, K. H Potentials of rapid frequency in 
human electroencephalogram, 308 


Cord 


Flechsig’s Tract See Cerebellum; Spinal Cord 

Foramen, Intervertebral See under Spine 

Foreign Bodies, foreign body granulomas pro 
duced by surgical cotton, *581 

Fractures: See Cranium; Spine; ete. 

Freeman, H Results of insulin and epin- 
ephrine tolerance tests in schizophrenic 
patients and in normal subjects, *195 


Freeman, W 


obscure 


Spinal necrosis and softening of 
origin necrotic myelitis 

myelomalacia review of literature 
clinicopathologic case studies, *683 

Friedman, E Effect of autonomic 


versus 
and 


drugs on 


cerebrospinal fluid pressure schizo 
phrenic and other psychoses; effect of his 
tamine, *449 


Friedreich’s Disease See Ataxia 

Frocht, M. Myasthenia gravis; familial ( 
currence *O04 

Fuchsin: See Stains and Staining 


also Gasserian Ganglion 

effect on electroencephalogram of lesions 
cerebral cortex and basal ganglia in Ma 
caca mulatta, 601 

experimental verification of 
argyrophilia of sympathetic 


Ganglion: Se 


differences in 


postganglionics 


and of other nerve fibers, 910 
Nodose: See Neurons 
Ganglionectomy See Sympathectomy 
Gasserian Ganglion See also Neuralgia, trige- 
minal 
tumors, and trigeminal neuralgia, 610 
Gastrointestinal Tract: See also Stomach; etc 
cortical premotor and “‘postmotor’’ foci which 
influence gastrointestinal tract and_ their 
efferent pathways, 485 
Gellhorn, E Interaction of electric shock and 
insulin hypoglycemia; experimental inve 


Foreign body granulomas pr 
surgical cotton, *581 
Electroencephalographic foci as 


*793 


tigations 
German, W. M 
duced by 
Gibbs, E. L 
sociated with epilepsy, 
Gibbs, F. A Electroencephalographic 
associated with epilepsy, *793 
Gildea, E. F Distribution of fodine in 
serum and in cerebrospinal fluid, *93 
Oral and intravenous dextrose toleranc« 
curves of patients with manic-depressive 
psychosis, *852 
Glioma; gliomatous tumors in nasal region, 625 
meningeal gliomatosis secondary to intra 


1oOcl 


blood 


medullary glioma, *383 
Globus Pallidus See Lenticular Nucleus 
Glucose See Dextrose 


Goiter See also Thyroid 
exophthalmic ; hyperthyrotic catatonia ; 
phrenic symptom-complex, 291 
exophthalmic, with associated 
gravis, 473 


Goodman, L.: 


schizo 
myasthenia 


Chronic hypertensive encephalop- 


athy: clinicopathologic report, 919 
Gottesfeld, B. FI Psychosis associated with 
progressive muscular dystrophy. 307 


Subconvulsive electric shock therapy; effect of 


varied electrode applications, 302 

Use of adrenal cortex extract in cases of 
insulin shock complicated by pulmonary 
edema: review of literature and report of 


case, 304 

Gottlieb, J. S Treatment of schizophrenia; 
follow-up results in cases of insulin shock 
therapy and in control cases, *266 
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Grain, G. O 
unilateral 
Grant, F. ¢ 


Bilateral ageusia associated wit! 
Bell’s palsy, 926 


Experiences with intramedullary 


tractotomy; immediate and late neurologi 
complications, *665 
Tumor of cauda equina with unusual onset 


and symptoms; report of 479 
Granuloma, foreign body granulomas produced 
by surgical cotton, *581 
Malignant See Hodgkin’s Disease 
Growth, changes in normal electroencephak 
gam of Macaca mulatta with growth, 601 
Guanidine and Guanidine Compounds: See als 
Creatine and Creatinine 
experimental and clinical studies with methyl- 
guanidine sulfate, 145 
f;uilain-Barré Syndrome: See Nerves, 
Guttman, S. A Treatment of post-lumbar 
puncture headache with ergotamine tartrate, 
*556 


case, 


roots 


Hallucinations, 
diction, 913 
Halstead, W. C Function of 
man; dynamic visual field, 
Grouping behavior of normal 
persons with lesions of 
analysis, *489 
Hamilton, E. L Rorschach 
hospital practice, 306 


visual, during paraldehyde ad- 


frontal lobe it 
633 
persons 


and of 
brain ; r 


furthe 


method in stat 


Hassin, G. B Changes in eyes in amauroti« 
family idiocy (infantile type of Tay-Sachs 
disease) histopathologic observations in 
case, 629 

Hay Fever, study of structural and instinctual 
conflicts in cases of, 607 

Head See also Cranium 

Injuries See also Cranium, fractures: et 


injuries; chemical changes in blood and oc- 
currence of uremia following head injury, 
467 
injuries; statistical control studies in neu 
rology ; Babinski sign, *272 
Headache, experimental 
headache associated 
tracranial pressure, 
treatment of post-lumbar-puncture 


studies ; 
with 


analysis of 
changes in in 


headache 


with ergotamine tartrate, *556 
Heart, histochemical changes associated with 
aging: skeletal and cardiac muscle in rat, 
912 
Hebephrenia: See Dementia Praecox 
Heine-Medin’s Disease: See Poliomyelitis 
Hematoma, Subdural: See Meninges, hemor- 
riage 


Hemianopia, bilateral thrombosis of posterior 


calcarine arteries with sparing of macular 
vision, 484 
study of, 918 
Hemiplegia: See Extremities, paralysis; Par- 
alysis 


Hemoglobin and Hemoglobin Compounds, normal 
rate of reduction of methemoglobin in dogs, 
284 
Hemorrhage : 
Body; etc. 
neuropsychiatric 
guination, *594 
Subarachnoid: See Meninges, hemorrhage 
Hernia: See under Brain 
Herpes zoster associated with 
port of case, 633 
zoster, symptomatic, 


See also Encephalitis; Pituitary 


sequelae of partial exsan- 


encephalitis; re- 


135 


Herskovitz, H. H.: Psychosis associated with 
progressive muscular dystrophy, 307 
Subeconvulsive electric shock therapy; effect 


of varied electrode applications, 302 
Hinsey, J. C.: Stephen Walter Ranson, 457 
Hirschfield, B. A.: Spontaneous subarachnoid 

hemorrhage; analysis of 50 cases, 483 


Histamine, effect of autonomic drugs on cere- 
brospinal fluid pressure in schizophrenic 
and other psychoses; effect of histamine, 
*449 
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Histoplasma capsulatum; new staining method 
for demonstration of Debaryomyces neo- 
formans (Torula histolytica), Blastomyces 
hominis, Coccidioides immitis and Histo- 
plasma capsulatum in histologic prepara- 
tions, 621 

Hodgkin’s Disease, torula meningitis (in asso- 
ciation with Hodgkin’s disease), 468 

Hormones: See Adrenal Preparations; Andro- 
gens; Insulin; ete. 

Hoskins, R. G.: Results of insulin and epin- 
ephrine tolerance tests in schizophrenic 
patients and in normal subjects, *195 

Hospitals, results of lobotomies at Delaware 
State Hospital, 139 

Rorschach method in state hospital practice, 
306 

ward therapy; new method of group psycho- 
therapy, 611 


Hunter, J.: Effect of electrical stimulation on 
atrophy of denervated skeletal muscle, *802 
Huston, P. E.: Treatment of schizophrenia ; 


follow-up results in cases of insulin shock 
therapy and in control cases, *266 
Hydrophobia: See Rabies 


Hyperpyrexia: See Fever 
Hypertension: See Blood pressure, high 
Hyperthermia: See Fever 


Hypertonic Solution: See Brain, edema 

Hypervitaminoses: See Vitamins 

Hypnosis, successful treatment of case of acute 
hysterical depression by return under hyp- 
nosis to critical phase of childhood, 607 

Hypoglycemia: See Blood sugar; Insulin 

Hypomania: See Mental Diseases 

Hypophysis: See Pituitary Body 

Hypothalamus: See also Pituitary Body 

neurogenic hyperthermia and its treatment 

with soluble pentobarbital in monkey, *518 


Idiocy: See also Feeblemindedness 
changes in eyes in amaurotic family idiocy 
(infantile type of Tay-Sachs disease) ; 
histopathologic observations in case, 629 
inclusion bodies and late fate of ganglion 
cells in infantile amaurotic family idiocy, 


*708 
juvenile amaurotic; clinicopathologic study, 
#559 


Imbecility: See Idiocy 
Incest and its effect on participants, 144 
Inebriety: See Alcoholism 
Infantile Paralysis: See Poliomyelitis 
Infants: See also Children 
familial type of paralysis in infants and 
its relationship to other heredofamilial dis- 
orders; Clinicopathologic study, *27 
Infundibulum: See Hypothalamus 
Injuries: See Head, injuries; Spinal Cord; etc. 
Insanity: See also Dementia Praecox; Depres- 
sion; Mental Diseases 
Alcoholic: See Alcoholism 
manic-depressive; Dr. H. Douglas Singer’s 
concept of manic-depressive psychosis, 
*736 
manic-depressive; ideation and trends en- 
countered in psychotherapy of manic-de- 
pressive psychosis, 142 
manic-depressive; nitrogen balance pa- 
tients suffering from melancholia, 129 
manic-depressive; oral and intravenous dex- 
trose tolerance curves of patients with 
manic-depressive psychosis, *852 
presenile; calcification of cerebral cortex 
associated with meningotheliomatous men- 
ingioma; pathologic study, with comment 
on incomplete type of neuroctutaneous 
syndrome, *507 
reports of partial frontal lobectomy and 


frontal lobotomy performed on 3 patients, 


symposium; complications of and contrain- 
dications to electric shock therapy, 786 
Instruments: See also Apparatus 
disturbances in parotid secretion in unusual 
neurologic syndrome, *548 
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Insulin, interaction of electric shock and _ in- 
sulin hypoglycemia; experimental investi- 
gations, *808 

results of insulin and epinephrine tolerance 
tests in schizophrenic patients and _ in 
normal subjects, *195 

treatment of schizophrenia; follow-up results 
in cases of insulin shock therapy and in 
control cases, *266 

use of adrenal cortex extract in cases of 
insulin shock complicated by pulmonary 
edema; review of literature and report of 
case, 30 

Intelligence Tests: See Mental Tests 

Intervertebral Disks: See under Spine 

Intoxication: See Alcoholism; Bromide and 
Bromine 

Introversion: See under Personality 

Iodine and Iodine Compounds, in Blood: See 
Blood 

unusual complication of intraspinal use of 
iodized poppyseed oil, 926 
Iodized Poppyseed Oil: See Spinal Cord 


Jaffe, D.: Spinal necrosis and softening of 
obscure origin; necrotic myelitis versus 
myelomalacia; review of literature and 
clinicopathologic case studies, *683 

“Jake”? Paralysis: See Neuritis, peripheral 

Jamaica Ginger Palsy: See Neuritis, peripheral 

Jeffreys, E. O.: Tumor of cauda equina with 
unusual onset and symptoms; report of 
case, 479 

Jones, G. L.: Symposium; complications of and 
contraindications to electric shock therapy, 
788 

Jurisprudence, Medical: See Alcoholism; Crime 
and Criminals; Suicide; ete. 

value of formal psychiatric examinations in 
criminal court, 629 


Kabat, E. A.: Electrophoretic study of con- 
centrated cerebrospinal fluid, 481 

Kalinowsky, L. B.: Attempts at treatment of 
schizophrenia and other nonepileptic psy- 
choses with dilantin, *414 


Kaplan, L. A.: Experimental and_ clinical 
studies with methylguanidine sulfate, 145 
Kaufman, 8S. H.: Value of formal psychiatric 


examinations in criminal court, 629 
Kennedy, F.: Early laminectomy for injury of 
spinal cord, 773 
Kennedy Syndrome: See Neuritis, optic 
Kenny Method: See Poliomyelitis 


Kerman, E. F.: Testosterone therapy of in- 
volutional psychosis, 306 
Kernohan, J. W.: New = staining method for 


demonstration of Debaryomyces neoformans 
(Torula histolytica), Blastomyces hominis, 
Coccidioides immitis and Histoplasma cap- 
sulatum in histologic preparations, 621 

Kessler, M.: Interaction of electric shock and 
insulin hypoglycemia; experimental in- 
vestigations, *08 

Krumholz, S.: Encephalitis associated with 
herpes zoster; report of case, 633 

Kunkle, E. €.: Experimental studies on head- 
ache; analysis of headache associated with 
changes in intracranial pressure, *323 


Labyrinth: See Ear, internal 

Laminectomy: See under Spinal Cord 

Landow, H.: Electrophoretic study of con- 
centrated cerebrospinal fluid, 481 

Landry’s Paralysis: See Paralysis, acute as- 
cending 

Language, schizophrenic, *831 

Lassek, A. M.: Retrograde degeneration: effect 
of hemisections on homolateral axons of 
spinal cord, *878 

Leininger, C.: Neurogenic hyperthermia and 
its treatment with soluble pentobarbital in 
monkey, *518 

Lenticular Nucleus, degeneration: characteristic 
alterations in ganglion cells in cases of 
hepatolenticular degeneration and other 
hepatocerebral diseases, 289 

Lesse, S.: Subconvulsive electric shock therapy; 
effect of varied electrode applications, 302 
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Leukotomy: See Brain, surgery 

Lev, M.: Calcification of cerebral 
associated with meningotheliomatous men- 
ingioma; pathologic study, with comment 
on incomplete types of neurocutaneous syn- 
drome, *507 

Lichtenstein, B. W.: Calcification of 
cortex associated with meningotheliomatous 
meningioma; pathologic study, with com- 
ment on incomplete types of neurocutaneous 
syndrome, *507 

Cervical syringomyelia and 

like states associated with 
deformity and platybasia, 

Lindau’s Disease: See Angioma 

Lindenfeld, A.: Symposium; complications of 
and contraindications to electric shock 
therapy, 77 

Linn, L.: Disturbances in 
unusual neurologic 

Lipids: See Lipoids 

Lipiodol: See Spinal Cord 

Lipoids: See also Phosphorus and 
Compounds 


cortex 


cerebral 


syringomyelia- 
Arnold-Chiari 
*LR] 


secretion in 
*548 


parotid 
syndrome, 


Phosplorus 


behavior of lipids during autolysis of liver 
and brain, 284 
study of nitrogenous constituents of tissue 
phosphatides, 285 
Lipoma of corpus callosum, 289 
Lissauer’s Paralysis: See Dementia Para- 
lytica 
Liver, behavior of lipids during autolysis of 
liver and brain, 284 
cirrhosis and vitamin deficiencies in aleo- 
holism, 135 
cirrhosis, experimental, effect of alcohol in, 
167 
Lobectomy: See Brain, surgery 
Lobotomy: See Brain, surgery 
Looney, J. M.: Results of insulin and epineph- 


rine tolerance test in schizophrenic pa 
tients and in normal subjects, *195 
Louping Ill: See Encephalomyelitis 
Lowenbach, H Experimental studies 


on elec- 


tric shock treatment; intracerebral vascular 
reaction as indicator of path of current, 
617 
Lubin, A. J Familial type of paralysis in 
infants and its relationship to other here- 
dofamilial disorders ; clinicopathologic 
study, *27 
Juvenile amaurotic idiocy; clinicopathologic 
study, * 
Luhan, J. Encephalitis associated with 
herpes zoster; report of case, 633 
Lumbar Puncture: See Spinal Puncture 
Lungs See also Kespiration; ete. 
edema; use of adrenal cortex extract in cases 
of insulin shock complicated by pulmonary 
edema; review of literature and report of 
case, 304 
Lymphogranuloma, Hodgkin's: See Hodgkin’ 
Disease 


McDonald, P. R.: 
terior calcarine 
macular vision, 484 

McKinley, W. A.: Afferent trigeminal pathways 
as determined by evoked potentials, 475 

Neurogenic hyperthermia and its treatment 
with soluble pentobarbital in monkey, *518 

McLean, V. L.: Oral and intravenous dextrose 
tolerance curves of patients with manic- 
depressive psychosis, *852 

Madden, J. J.: Experimental and clinical studies 


Bilateral 
arteries 


thrombosis of 
with sparing of 


pos- 


with methylguanidine sulfate, 145 
Madonick, M. J Statistical control studies in 
neurology; Babinski sign, *272 
Maeder, L. M. A.: Relations of psychoanalysis 


to psychiatry, 140 
Magoun, H. W Afferent trigeminal pathways 
as determined by evoked potentials, 475 
Neurogenic hyperthermia and its treatment 

with soluble pentobarbital in monkey, *518 

Malaria, analysis of deaths following 
peutic malaria, 611 

Therapeutic See Dementia 


thera 


Paralytica; ete 
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Malnutrition: See Dystrophy, Vitamins; ete. 
Maltby, G. L.: Cerebral dysrhythmia in rela- 

tion to eclampsia, *204 
Man, E. B.: Distribution of iodine in blood 


serum and in cerebrospinal fluid, *93 


Oral and intravenous’ dextrose tolerance 
curves of patients with manic-depressive 
psychosis, *852 

Mania: See Insanity 

Marburg, O.: Familial type of paralysis in 
infants and its relationship to other here- 
dofamilial disorders ; clinicopathologic 
study, *27 

Inclusion bodies and late fate of ganglion 
cells in infantile amaurotic family idiocy, 
*708 

Juvenile amaurotic idiocy; clinicopathologic 
study, *559 


Marie-Charcot 
Martin, J.: Intracranial 
moid tumors, *56 
Masochism: See Sex, perversion 
Masserman, J. H.: Experimental 

psychotherapy, *43 
Mayfield, F. H Foreign body 
produced by surgical cotton, *581 
Medicine, Military: See Military Medicine 
Medulla Oblongata, experiences with intra- 
medullary tractotomy; immediate and late 
neurologic complications, *665 
experimental swelling of brain, 


Disease: See Atrophy, muscular 


dermoid and epider- 


neuroses and 


granulomas 


*826 


meningeal gliomatosis secondary to _ intra- 
medullary glioma, *383 
Meirowsky, A. M.: Surgical history of trig- 
eminal neuralgia, *574; correction, 791 
Melancholia : See Insanity, manic-depressive 
Involutional: See Mental Diseases 
Meninges: See also Arachnoid 


calcification of cerebral cortex associated with 
meningotheliomatous meningioma;  patho- 
logic study, with comment on incomplete 
types of neurocutaneous syndrome, *507 


fibrosarcoma of arachnoidal origin with me- 


tastases, 288 

hemorrhage, spontaneous subarachnoid; anal- 
ysis of 50 cases, 483 

meningeal gliomatosis secondary to intra- 
medullary glioma, *383 

Meningioma, calcification of cerebral cortex 
associated with meningotheliomatous men- 
ingioma; pathologic study, with comment 
on incomplete types of neurocutaneous 


syndrome, *507 
Meningitis, prognosis of pneumococcic 
xitis treated with chemotherapy, 468 


menin 


torula meningitis (in association with Hodg- 

kin’s disease), 468 

Meningococci: See under Meningitis 

Menninger, W. ¢ Arterial hypertension fol- 
lowing metrazol shock therapy, *120 

Mental Deficiency: See Feeblemindedness 

Mental Diseases: See also Children; Dementia 
Paralytica; Dementia Praecox; Feeble- 
mindedness; Insanity: Neuroses and Psy- 
choneuroses: Personality; Psychiatry; etc. 


alcoholism and mental disorder, 608 

alcoholism and mental disorder in Massa- 
chusetts, 1917-1933, 131 

and drugs, 293 


arterial hypertension following metrazol shock 
therapy, *120 
attempts at treatment of 


schizophrenia and 


other nonepileptic psychoses with dilantin, 
*414 
cachexia of mental origin; nature and man- 


agement, 300 
by. H. Douglas Singer's concept of psychoses, 
732 
effect of autonomic drugs 
pressure in schizophrenic and other 
effect of histamine, *449 
electroencephalogram in ‘‘convulsive 
600 
electroencephalography in 
disorder, 292 
eonism; report of case 
standing psychopathic 


fluid 


psy- 


on spinal 
choses 
state,”’ 
mental 


cases of 


with additional 
features, 635 


out- 
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Mental Diseases—Continued 
experimental and clinical studies with 
guanidine sulfate, 145 
fatalities following electric convulsive therapy 
report of 2 cases with autopsy 107 
investigation of personality in patients treated 
by prefrontal leukotomy, 292 
myasthenia gravis and psychosis, 914 
neuropsychiatric partial 
guination, *594 
predisposing factors in 


nethyl 


sequelae of exsan- 


bromide intoxication 


adolescent 


ognostic factors of psychoses 

909 

prognostic possibilities of Rorschach method 
in metrazol therapy, 927 

psychiatric syndromes following blast, 292 

psychopathology of ego system, 606 

results of lobotomies at Delaware State Hos 
pital, 139 

significance of 

plication of 


fractures as com 
therapy, 612 


vertebral 
metrazol 


sodium amytal experiments; further obser- 
vations, 287 

study of frontal lobotomy; neurosurgical and 
psychiatric features and results in 22 


with detailed report on 5 chronic 
schizophrenics 290 
subconvulsive electric shock therapy ; 
varied electrode applications, 302 
survey of results of intelligence tests in psy- 
chosis, 291 
symposium complications of and contrain 
dications to electric shock therapy, 786 
testosterone therapy of involutional psychosis 
306 
lental 
acculturation 
*hanges as indicated by 
131 
application 
group, 608 
clinical evaluation of 
vurse of study in Rorschach test in diagnosis 
of milder mental disorders, 599 
deterioration of patients with organic epilepsy 
605 
grouping behavior of normal persons and of 
persons with lesions of brain; further anal- 
ysis, *489 
modified Rorschach technic for description of 
transitory postconvulsive personality states, 
290 
prognostic possibilities of 
in metrazol therapy, 927 
psychiatry in war, 923 
psychopathologiec review of 
teriosclerotic disorders, 299 
relation between blot and concept in graphic 
Rorschach responses, 131 
forschach method in state hospital practice. 
306 
survey of results of intelligence tests in psy- 
chosis, 291 
Merritt, H. H.: Electroencephalographic foci 
associated with epilepsy, *793 
Mesencephalon: See Brain 
Methylguanidine Sulfate: See 
Guanidine Compounds 
Metrazol, arterial hypertension following metra- 
zol shock therapy, *120 
comparison of metrazol convulsive therapy 
with electric shock in treatment of schizo- 
phrenia:; evaluation of results obtained in 
treatment of 100 schizophrenic patients 
with electric shock, *587 
significance of vertebral fractures as 
plication of metrazol therapy, 612 
Therapy: See Dementia Praecox; 
Mental Diseases; Neuroses§ and 
neuroses ; etc. 
Microglioma, 605 
Micropsia: See Vision, defective 
Milhorat, A. T.: Studies in diseases of muscle; 
heredity of progressive muscular dystrophy ; 
relationship between age at onset of symp- 
toms and clinical course, *641 


cases 


effect of 


Personality 
processes and personality 
Rorschach technic, 


Tests: See also 


of Rorschach test to Samoan 


mosaic test, 478 


Rorschach method 


senile and ar- 


Guanidine and 


com- 


Insanity ; 
Psycho- 
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Milhorat, A. T. 
Studies in 
muscular 
unusual features ; 
physostigmine on 
olism of ascorbic acid, *153 
Studies in diseases of muscle; 
muscular dystrophy of atrophic distal type 
report on family; report of autopsy, *655 
Military Medicine: See also Aviation and 
Aviators; Hospitals; Neuroses and Psy 
choneuroses; Recruits; ete 
effect of extremes of environmental change on 
man; president’s address, *421 
etiologic factors in adjustment of men 
armed forces, 925 
injuries of intravertebral disk in 
service, 469 
military psychiatry, 915 
statistical control studies in 
Babinski sign, *272 
Symposium on military psychiatry, 909 
Mira, E Psychiatry in war, 923 
Moore, D H Electrophoretic study of con 
centrated cerebrospinal fluid, 481 
Moore, W. L Permanent damage to nervous 
system following attack of polyradiculoneu 
ritis (Guillain-Barré syndrome) ; 
of case, with necropsy, *895 
Moro Reflex: See Reflex, grasping 
Morons: See Feeblemindedness 
Morphine, brain potentials and morphine addic- 
tion, 915 
Morris, A. A., Jr Apparatus to be 
recording tremors, *123 


Continued 

diseases of muscle; progressiv 
atrophy; report of case witl 
effect of prostigmine ana 
fasciculations; metab 


progressive 


military 


neurology 


report 


used it 


Morris, W. Prognostic possibilities of 
Rorschach method metrazol therapy 
927 


Mosaic Test: See Mental Tests 
Motoneurons: See Neurons 
Movements: See also Muscles 
Disorders: See Myoclonus; ete 
pyramidal and extrapyramidal mechanisms i: 
cortical control of movement, 782 
report of family exhibiting hereditary 
movements and schizophrenia, 913 
Murder: See Crime and Criminals 
Murphy, J. P Fatal cerebrovascular accident 
associated with catatonic schizophrenia; re 
port of case, *724 
Neuropsychiatric sequelae of 
guination, *594 
Muscles, Atrophy: See Atrophy, muscular 
behavior of motor units in healthy and in 
paretic muscles in man, 129 
Dystrophy: See Dystrophy, muscular 
effect of electrical stimulation on atrophy oP 
denervated skeletal muscle, *802 
fascicular muscle twitchings in amyotrophic> 
lateral scleros their origin, *22 % 
histochemical changes associated with aging: 
skeletal and cardiac muscle in rat, 912 
muscle changes in myopathies and dystrophia 
myotonica, 474 
neuromuscular hypertension and understand- 
ing of nervous conditions, 912 
Paralysis: See Paralysis 
potassium and muscular disorders, 294 
relation of fibrillation to acetylcholine and 
potassium sensitivity in denervated skeletal 
muscle, 467 
studies in diseases of; heredity of progres 
sive muscular dystrophy; relationship be- 
tween age at onset of symptoms and clinical 


mirror 


partial exsan 


course, 

studies in diseases of; progressive muscular 
atrophy; report of case with unusual fea- 
tures; effect of prostigmine and physostig- 
mine on fasciculations; metabolism of as- 
corbie acid, *13 

studies in diseases of; progressive muscular 
dystrophy of atrophic distal type; report 
on family; report of autopsy 

treatment of certain muscular atrophies with 
vitamin E with note on diagnosis and elec- 
tromyograms, 138 

use of alpha tocopherol in treatment of neu- 
romuscular disorders, 611 
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Myasthenia Gravis and psychosis, 914 
curare sensitivity new diagnostic test and 
approach to causation, *537 
familial occurrence, *904 
goiter with associated myasthenia gravis, 473 
potassium and muscular disorders, 294 
treatment and relation to thymus, 476 
Myelin: See under Brain; Nerves; Nervous 
System 
Myelitis, spinal necrosis and softening of ob 
scure origin; necrotic myelitis versus mye 
lomalacia; review of literature and clinico 


pathologic case studies, *683 


Myelomalacia: See under Spinal Cord 
Myelopathy See under Spinal Cord 
Myoclonus epilepsy ; clinicopathologi« report of 


case, ¢ 
oculolaryngopharyngovelopalative myoclonia 
in bulbopontile syndrome, 604 
Myography See under Muscles 
Myotonia, Dystrophica See Dystrophy, mus 
cular 


Nails, constitutional differences between deter 
rated and nondeteriorated patients with 
epilepsy ; capillaries of finger nail fold, *49 


Narcolepsy: See Sleep, disturbances 
Necrosis See Spinal Cord 
Neoarsphenamine See Arsphenamines 


Nerves: See also Nervous System; Neuralgia 
Neuritis ; Paralysis 
Cells See Neurons 
cerebellar action potentials in response t 
stimulation of proprioceptors and extero 
ceptors in rat, 601 
cholinergic nature of nerves to electric organ 
of torpedo, 468 
experiences with intramedullary tractotomy 
immediate and late neurologic complica 
tions, *665 
fascicular muscle twitchings in amyotrophic 
lateral sclerosis; their origin, *22 
motor; behavior of motor units in healthy 
and in paretic muscles in man, 129 
oculomotor ; functional representation in ocu 
lomotor and trochlear nuclei, *98 
Optic See Neuritis, optic 
pathways for pain from stomach of dog, *739 
preganglionic components of first thoracic 
nerve; their role in sympathetic innerva 
tion of upper extremity, 126 
roots; permanent damage to nervous system 
following attack ot polyradiculoneurit 
(Guillain-Barré syndrome) ; report of case 
with necropsy, *895 


roots; regenerative capacity of ventral roots 
¢ after avulsion from spinal cord, *1 
@roots; subacute ascending polyradiculoneu 

ritis with albuminocytologic dissociation, 
35 

roots; vestibular functions in Guillain-Barré 
syndrome, 470 

Sciatic: See Sciatica 

Spinal: See Nerves, roots 

structures of neurohypophysis with reference 
to nerve endings, 283 

studies of living nerves; growth adjustments 
of cutaneous terminal arborizations, 910 

transplantation of aneurogenic forelimbs in 
Amblystoma punctatum, 911 

Trigeminal : See also Neuralgia, trigeminal 

trigeminal; afferent trigeminal pathways as 
determined by evoked potentials, 475 

trochlear; functional representation in oculo- 
motor and trochlear nuclei, *98 


Tumors: See Nervous System 
Nervous System: See also Brain: Cerebellum; 
Nerves; Neurons; Reflex; Spinal Cord; 
ete. 


and regeneration of forelimb of adult Tri 
turus; role of sympathetics, 911 

autonomic responses to electrical stimulation 
of forebrain and midbrain with reference 
to pupil, 466 
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Nervous System—Continued 

calcification of cerebral cortex associated wit! 

meningotheliomatous meningioma patho 


logic study with comment on incomplets 


types of neurocutaneous syndrome, *507 
‘ervical syringomyelia and _ syringomyelia 


lik states associated with Arnold-Chiari 
deformity and platybasia, *881 

I? ases See also Epilepsy: Mental Dis 
eases; Neuritis; Neuroses and Psychoneu 
roses: etc 


diseases; predisposing factors in bromide in 
toxication, *359 

disturbances in parotid secretion in unusual 
neurologic syndrome, *548 

effect of extremes of environmental chang 
on man: president’s address, *421 

effect of vitamin E therapy on central ner 
vous system in amyotrophic lateral scle1 
SIS 

familial type of paralysis in infants and its 
relationship to other heredofamilial dis 
orders clinicopathologic study *27 

in vitro formation of phospholipid by brain 
ind nerve with radioactive phosphorus as 
indicator 284 

paraphenylenediamine poisoning (ursol) wit! 
changes in central nervous system, *254 

permanent damage following attack of poly- 
radiculoneuritis (Guillain-Barré syndrome) 
report of case, with necropsy, *895 

sequels of eqine encephalomyelitis, *398 

Surgery: See also Brain, surgery; et 

surgery ; American Board of Neurological Sut 
gery, 282, 599 

sympathetic denervation of feet and legs oc- 
curring spontaneously or as result of dis 


east 126 
Syphilis See Neurosyphilis 
rumors See Neurofibromatosis ; Neuroma ; ete 


war and nervous disturbances, 916 
Nervousness: See Neuroses and Psychoneuroses 
Neubuerger, K. T.: Fatalities following ele« 

tric convulsive therapy; report of 2 cases 
with autopsy, *107 
Neumann, M. A.: Fatal cerebrovascular ac 
cident associated with catatonic schizo 
phrenia; report of case, *724 
Neuralgia, trigeminal, and tumors of gasserian 
ganglion, 610 
trigeminal; experiences with intramedullary 
tractotomy; immediate and late neurologic 
complications, *665 
trigeminal, surgical history of, *574; correc- 
tion, 791 
Neuritis, diagnosis and surgical pathology of 
certain types of sciatic neuritis, 928 
optic, following Weil’s disease, 471 
peripheral; systemic nervous affinity of tri- 
orthocresyl phosphate (jamaica ginger 
palsy), 470 
Neurohypophysis: See Pituitary Body 
Neurology : See also Nerves; Nervous Sys- 
tem; Neuropsychiatry; Neuroses and Psy- 
choneuroses ; etc. 
statistical control studies in neurology; 
Babinski sign, *272 
Neurons, characteristic alterations in ganglion 
cells in cases of hepatolenticular degeneration 
and other hepatocerebral diseases, 289 
experimental verification of differences’ in 
argyrophilia of sympathetic postganglionics 
and of other nerve fibers, 910 
inclusion bodies and late fate of ganglion 
cells in infantile amaurotic family idiocy, 
*708 
retrograde ‘degeneration; effect of hemisec 
tions on homolateral axons of spinal cord, 
Neuropsychiatry: See also Neurology; Psychi- 
atry; War; etc. 

in wartime: president’s address, 

neuropsychiatric aspects of aviation medicine, 


fio 
47 

neuropsychiatric sequelae of partial exsan- 
guination, *594 

School of Military Neuropsychiatry, 771 
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also Men- 
diseases ; 


Psychoneuroses; See 
Nervous System, 


Neuroses and 
tal Diseases ; 
Phobias; ete. 

Dr. H. Douglas Singer’s concept of psychoses, 


experimental neuroses and psychotherapy, *43 
incidence of neurosis in cases of bronchial 
asthma, 914 
neuromuscular hypertension and 
ing of nervous conditions, 912 
origin and development of nervous 
bances experimentally produced, 129 
psychoneuroses of war, 924 
Neurosurgery : See Brain, 
System, surgery 
Neurosyphilis: See also 
analysis of deaths 
malaria, 611 
combined artificial 
vaccinotherapy in 


understand 


distur- 


surgery; Nervous 


Dementia 
following 


Paralytica 
therapeutic 
chemotherapy and 
472 


fever, 
treatment, 


juvenile, artificial fever therapy, 138 
management of. 471 
Nicotinic Acid: See also Vitamins, B 


deficiency studies in dogs, 466 


Nie, L Encephalopathy following intravenous 
administration of arsenical preparations, 

Nitrogen balance in patients suffering from 
melancholia, 129 

study of nitrogenous constituents of tissue 
phosphatides, 285 

Noran, H. H.: Sequels of equine encephalo- 

myelitis, *398 


Nose: See also Smell; ete. 
gliomatous tumors in nasal region, 
Nucleus Lateralis Medullae: See 
Oblongata 
Pulposus: 
Nutrition : 
predisposing 
*359 


625 
Medulla 
intervertebral disks 


also Dystrophy; Vitamins 
factors in bromide intoxication, 


See Spine, 
See 


Obituaries: 


Ranson, Stephen Walter, 457 


Obrador, S.: swelling of brain, 


Experimental 


Psychoneuroses 
syringomyelia and 
associated with 
and platybasia, 


Obsessions: See Neuroses and 

Occipital Bone, cervical 
syringomyelia-like states 
Arnold-Chiari deformity 


Oil, Iodized: See Iodine and Iodine Compounds 


Old Age, psychopathologic review of senile and 
arteriosclerotic disorders, 299 

Olfactometry: See under Smell 

Oligophrenia: See Feeblemindedness ; Idiocy 

Olivary Body: See Medulla Oblongata 

Olkon, D. M.: Eonism; report of case with ad 
ditional outstanding psychopathic features, 
635 

Ophthalmoplegia: See Eyes, paralysis 


Oppenheimer, M. J.: Cortical premotor and 
“postmotor”’ foci which influence gastroin 
testinal tract and their efferent pathways, 
$85 

Optic Disk, Choked: See Neuritis, optic 

Optic Thalamus: See Thalamus 


Orbit, primacy of area 13 of orbital surface of 
cerebral cortex in production of hyperactiv 
ity in monkeys, 780 

Osborne, R. L.: Aberrant 


thyroid tumor of 


vertebrae with compression of spinal cord; 
recovery after operation and high voltage 
roentgen therapy, *277 
Early laminectomy for injury of spinal cord, 
773 
Oxygen: See also Respiration 
studies on metabolism of brain suspensions ; 


oxygen uptake, 911 


Pain: See also Sensation 
pathways for pain from stomach of dog, *739 
Palsy: See Paralysis 


See Neuritis, optic 
Neuritis, optic 


Papilledema : 
Papillitis: See 
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Paraldehyde, visual hallucination during 
aldehyde addiction, 913 
Paralysis: See also Extremities, 
Eyes, paralysis; Poliomyelitis 
acute ascending; pathology and pathogenesis 
of Landry’s paralysis, 134 
Bell’s: See Paralysis, facial 
facial; bilateral ageusia associated with uni- 
lateral Bell’s palsy, 926 
familial type in infants and its relationship 
to other heredofamilial disorders; clinico- 
pathologic study, *27 
General: See Dementia Paralytica 
Infantile: See Poliomyelitis 
Periodic: See Extremities, paralysis 


par- 


paralysis ; 


syndrome of involvement of posterior cord 
of brachial plexus, *860 
Paraphenylenediamine poisoning (ursol) with 


changes in central nervous system, *254 
Paresis: See Dementia Paralytica 
Parietal Lobe: See Brain 
Parotid Gland, disturbances in parotid secretion 
in unusual neurologic syndrome, *548 
Paskind, H. A. Constitutional differences 
between deteriorated and nondeteriorated 
patients with epilepsy; capillaries of finger 
nail fold, *49 
Payne, J. T.: Atypical 


seizures elicited by 


electrical stimulation of cerebrum in cat, 
*244 

Pearson, G. H. J.: Reactions of people to war 
140 

Pentobarbital, Therapy: See Fever 

Persky, A.: Midbrain deafness; tumor of mid 


brain producing sudden and complete deaf- 
ness, *237 


Personality, acculturation processes and person 


ality changes as indicated by Rorschach 
technic, 131 

electroencephalographic studies of psycho 
pathic personalities, 916 

etiologic factors in adjustment of men in 
armed forces, 925 


incidence of neurosis in cases of bronchial 
asthma, 914 
investigation of personality in patients treated 
by prefrontal leukotomy, 292 
modified Rorschach technic for description ot 
transitory postconvulsive personality states, 
290 
psychopathology of ego system, 606 
Petry, H. K.: Symposium; complications of 
and contraindications to electric shock 
therapy, 787 
Phobias, fear of being buried 
Phosphatides: See Lipoids 
Phospholipids: See Phosphorus and Phosphorus 
Compounds 


alive, 606 


Phosphorus and Phosphorus Compounds, in 
vitro formation of phospholipid) by brain 
and nerve with radioactive phosphorus as 
indicator, 284 

occurrence of sphingomyelin tissues of 
cat, 285 

Physostigmine, studies in diseases of muscle 
progressive muscular atrophy; report of 
case with unusual features; effect of pros- 
tigmine and physostigmine fascicula- 
tions; metabolism of ascorbic acid, *13 


Pipito, F. F 
neuralgia, 
Pi-Sufier, J.: 
Pituitary Body: See also Hypothalamus 
blood sugar in case of complete hypophysec- 
tomy, 136 
roentgenographic 
Cushing's 


Surgical history of 
*574; correction, 791 
Experimental swelling of 


trigeminal 


brain, 


appearance of bones in 


syndrome, 613 


structures of neurohypophysis with ref - 
erence to nerve endings, 283 

suprasellar tumors related to pars inter- 
media of hypophysis, 287 

traumatic hemorrhage into pituitary gland, 


603 
tuberculoma of hypophysis with insufficiency 
of anterior lobe, 137 
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Platybasia: See Atlas and Axis; Occipital Bone 
Pneumococci, prognosis of pneumococcic men- 
ingitis treated with chemotherapy, 468 
Poisons and Poisoning: See under names of 

various substances, as Bromide and Bro- 
mine; ete 
Polioencephalitis: See Encephalitis 
Polioencephalomyelitis: See Encephalomyelitis 
Poliomyelitis: See also Encephalomyelitis 
acute anterior; analysis of 49 cases, 469 
acute syphilitic anterior poliomyelopathic 
syndrome; report of case, *118 
Kenny method of treatment of infantile 
paralysis, 310 


Pollock, L. J.: Effect of extremes of environ- 
mental change on man president’s ad- 


dress, *421 
Psychoneuroses of war, 924 
Polyradiculitis See Nerves, roots 
Polyuria See Diabetes Insipidus 
Pons Varolii, oculolaryngopharyngovelopalative 
myoclonia in bulbopontile syndrome, 604 
Posture, experimental studies on headache 
analysis of headache associated with 
changes in intracranial pressure, *323 
Potassium and muscular disorders, 294 
in Urine See Urine 
relation of fibrillation to acetylcholine and 
potassium sensitivity in denervated skeletal 


muscle 467 
Pregnancy See Fetus: ete. 
Price, J. ¢ Fascicular muscle twitchings in 


imyotrophic lateral sclerosis; their origin, 
99 

Prisons and Prisoners Medical Correctional 
Association, 771 

Prostigmine, effect on urinary excretion of 
potassium in normal subjects, 295 
idies in diseases of muscle: progressive 
muscular atrophy report of case with wm 
usual features; effect of prostigmine and 
physostigmine fasciculations;: metabo 
lism of ascorbie acid, *13 


Therapy See Myasthenia Gravis 
Psychiatry See also Crime and Criminals 
Hospitals: Insanity: Jurisprudence, Medi 
cal; Mental Diseases; Neuropsychiatry 


Psychoanalysis ; 
therapy War: ete 
Committee on War Psychiatry of American 
Psychiatrie Association, 282 
In War, 9253 
military, 915 
military, symposium on, 909 
problems in military aviation, 132 
psychiatric study of man with convulsive 


Psychology : Psycho 


disorder, $28 
relations of psychoanalysis to, 140 
V e of formal psychiatric examinations in 
iminal court, 629 
Psy oanalysis: See also Psychotherapy 


e;xvotional settings of some attacks of urti 
ecaria, 914 

ear of being buried alive, 606 

incest and its effect on participants, 144 

masochistic motives in criminal behavior, 630 

micropsia, 914 

relations to psychiatry, 140 

study of struetural and instinctual conflicts 
in cases of hay fever, 607 

Topeka Institute for, 282 


Psychology See also Mental Tests: Person 

ality ete 
comparative; experimental neuroses and psy- 

chotherapy, *43 

Psychoneuroses See Neuroses and Psychone 
roses 

Psychoses : See Insanity: Mental Diseases: 
Neuroses and Psychoneuroses; ete 

Psychotherapy: See also Psychoanalysis 


and experimental neuroses, *43 

ideation and trends encountered in psycho 
therapy of manic-depressive psychosis, 142 
psychiatric study of with convulsive 


disorder, §28 
ward therapy 611 
Puberty See Adolescence 
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Pulse, blood pressure and pulse changes in 
normal individuals under emotional stress 
their relationship to emotional instability, 
915 

Pupils, autonomic responses to electrical stimu- 
lation of forebrain and midbrain with ref 
erence to pupil, 466 

catatonic, 918 

Putnam, T. J.: Amyotrophic lateral sclerosis 
and related conditions; clinical analysis, 
*151 

Attempts at treatment of schizophrenia and 
other nonepileptic psychoses with dilantin 
*414 

Pyramidal Tract, effect of precentral and post- 
central cortical lesions on fiber compo- 
nents of pyramids in monkey, 285 

pyramidal and extrapyramidal mechanisms ir 
cortical control of movement, 782 
pyramidal signs of upper extremity, 91 
Py rexia See Fever 


Rabies, pathogenesis and histopathology of hy- 
drophobia in man, 605 
Races, application of Rorschach test to Samoar 
group HON 
Radiculoneuritis : See Nerves, root 
Radioactivity, in vitro formation of phospholipid 
by brain and nerve with radioactive phos 
phorus as indicator, 284 
Ranson, S | Neurogenic hyperthermia 
its treatment with soluble pentobarbital 
monkey, *518 
Ray, B. S.: Experimental studies on headache 
analysis of headache associated wit 
changes in intracranial pressure, *323 
tecruits, etiologic factors in adjustment of men 
in armed forces, 925 
military psychiatry, 915 
reactions of people to war, 140 
statistical control studies in neurology Ba- 
binski sign, *272 
Reflex, Carotid See Carotid Sinus 
conditioned; origin and development of ner 
vous disturbances experimentally produced 
129 
conditioned reflex therapy of aleoholic addic 
tion; follow-up report of 1,042 cases, 158 
grasping: studies on corpus callosum; rela 
tionship of grasp reflex to section of cor 
pus callosum, *820 
pyramidal signs of upper extremity, 917 
statistical control studies in neurology Ba 
binski sign, *27 
Respiration, effect of alkalosis and acidosis 


(producing changes in respiratory rate) o1 
cortical electrical activity and blood flow 
286 

Restiform Body: See under Medulla Oblongata 


Reznikoff, L Comparison of metrazol con 
vulsive therapy with electric shock in 
treatment of schizophrenia; evaluation of 
results obtained in treatment of 100 schizo- 
phrenic patients with electric shock, *587 

Richter, C. P Electrical skin resistance tech- 
nic used to map areas of skin affected by 
sympathectomy and by other surgical o1 
functional factors, *454 

Riggs. H. E.: Miliary aneurysms: relation of 
anomalies of circle of Willis to formatior 
of aneurysms, 615 

tiley, H. A Myasthenia gravis; familial oc- 
currence, *904 

Risteen, W. A.: Studies on corpus callosum 
relationship of grasp reflex to section of 
corpus callosum, *820 

Roche, P. Q Masochistic motives in criminal 
behavior, 630 


foentgen Rays, Therapy See under names of 
organs, regions and diseases, as Spine; ete 

Roizin, L Myoclonus epilepsy; clinicopatho 
logic report of case, 627 

Rorschach Test: See Mental Tests; Personal- 
ity 


Rosenbaum. M.: Cerebral dysrhytl 
lation to eclampsia, *204 
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Rosenbluetl A Control of 
of cerebral cortex, 921 


responses 


Rosenzweig, S Sibling deaths in anamneses 
of schizophrenic patients, *71 

Rucl z.% Primacy of area 13 of orbital 
irface of cerebral cortex in production 
ot hyperactivity in monkeys, 780 

Rup ( Miliary aneurysms relation of 
inomalies of cirel f Willis to formation 
f aneurysms, 615 
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